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ABSTRACT 
 Sewage sludge management turns out to be a vital environmental issue in Viet-
nam due to the mushroom growth of sludge production in wastewater treatment sys-
tems. New constructed wastewater treatment installations, a shortening of the empty-
ing intervals of septic tanks as well as upgraded wastewater facilities aggravate the 
already problematic sludge management. In fact, Vietnam will be facing huge problems 
with regard to the handling and disposing of sludge in the years to come - due to the 
increased sludge amount originating from different sources, e.g. sewage sludge, sep-
tage, industrial sludge, water sludge, hazardous and toxic sludge - as well as sludge 
emerging from river erosion and sedimentation.  
 Vietnam‟s environmental legal framework is complex and multi-faceted. Howev-
er, the present paper points out that the environmental laws for sludge management in 
Vietnam have great potential for improvements. The environmental legislations should 
be extended progressively to provide a framework for urban sewage sludge manage-
ment. Furthermore, intensive studying of the current Vietnamese environmental legisla-
tion texts came to the result that the number of laws and the number of hierarchical 
lawyers of the legal system should be minimized and generally optimized and simpli-
fied. Legal and regulatory complications, in connection with the implementation of legis-
lation, problems with sewerage charges, treatment costs recoveries, and difficulties 
with enforcement of legislations, exist at all levels. A lot more legal force is required to 
enact and to implement these laws. Additionally, institutional problems complicate the 
current conditions as well.  
 The present diploma thesis elaborates the current situation of sewage sludge 
management in Vietnam and is dealing with sludge characteristics from both domestic 
sewage treatment facilities and septic tanks. In particular, sludge properties and the 
concentration of toxic pollutants in sludge are defined and compared to levels in Ger-
many. During the research, different treatment components and treatment facilities 
have been analyzed to carry out a comprehensive survey of sewage sludge types. Un-
fortunately, scientific information on wastewater sludge for developing countries in 
Southeast Asia is still meager.  
 Besides, the research has been focused on treatment facilities of the wastewa-
ter program (WMP) and also other additional treatment plants, which have been in-
spected. During various site visits and in interviews with ministries, decision makers, 
directors or chairmen of solid waste or wastewater companies, extensive information 
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has been collected and evaluated. Furthermore, current sludge management practices 
as well as options for treatment and disposal of sewage sludge are reviewed and asso-
ciated problems are evaluated.  
 With this experience to build on, an integrated sludge treatment and disposal 
concept for further sewage sludge management in Vietnam has been developed in the 
present diploma thesis. Moreover, two sludge treatment concepts are proposed, de-
pending on the respective sludge quantity. The recommended concepts are designed 
to manage sludge ranging from small-scale to medium- up to large-scale treatment. 
The chosen technology basically consists of preliminary treatment, thickening, stabili-
zation, dewatering and drying as well as re-use or disposal. These treatment plants will 
transform sewage sludge in a solids fraction with greatly reduced volume and a very 
low pathogen content, and in a liquid fraction suitable for discharge after a minimal 
treatment in a wastewater treatment plant. After a detailed evaluation of all available 
sewage sludge treatment technologies, specially constructed drying beds have been 
chosen for both concepts as the preferred option for Vietnam. Conventional drying 
beds, which are part of the large-scale concept, represent a feasible option for the pre-
vailing condition in Vietnam whereas on the other hand drying beds with reeds, being 
part of the small-scale concept, operate with a lot less effort in terms of procedure.  
 However, the options tend to show high performance and are economically well 
elaborated. Furthermore, the tropical climate in Vietnam is a great advantage for the 
sludge treatment process as it makes the procedure more efficient. The rainy season is 
carefully considered in both of the developed concepts. The solids produced from both 
sewage sludge treatment concepts constitute an excellent organic fertilizer. The mine-
ralized matter and the compost can be utilized as explained in the draft of a guideline. 
 In this thesis, a guideline (draft) was developed as a main result, which can be 
helpful to bridge the legislative gap for sewage sludge re-use in Vietnam. Simulta-
neously, the draft should be understood as an opening of a debate about utilizing pre-
treated sewage sludge in selected areas in agriculture. Rather, the commercialization 
of all these produced biosolids is highly recommended, because it can generate reve-
nues, save landfill space and ensure certain supply of biosolids in selected areas in 
Vietnam with a very high demand of soil-conditioners.  
 In summary, as a result of this paper, an integrated concept has been de-
veloped, which recommends the application of selected proceeding elements to 
treat sewage sludge and the further utilization of re-useable materials in agricul-
ture in a controlled and environmentally-safe manner. 
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1 INTRODUCTION 
 Water is the essential basis for all forms of life. Urbanization, industrial devel-
opment as well as extensive agricultural production have a significant impact on the 
quality and quantity of the resource water. Under the high pressure of population 
growth, the demographic change and the transformation to a free market economy, 
Vietnam faces a lot of challenges in various sectors, including wastewater and solid 
waste management. Especially the augmentation of municipal wastewater and solid 
wastes in urban areas can be seen as a direct consequence of the rapidly growing ur-
banization rate. Today, insufficient water supply for urban inhabitants and the lacking 
coverage of sewage disposal are based on slower developments of urban infrastruc-
tures in the municipal areas. 
 In fact, the capacity of wastewater treatment is still limited. In the majority of 
cases, untreated wastewater is discharged directly into surface waters and infiltrates 
the groundwater resource. Today, barely a couple of the major Vietnamese cities have 
wastewater treatment plants (WWTPs), whereas an estimated 96 percent1 of the 
wastewater in Vietnam runs off untreated. Most of the collected municipal wastewater 
discharges, into rivers, channels or lakes, for instance. Only 4% of the collected sep-
tage (septic tank waste) is treated, [AECOM (2010), p. 115-127]. As a consequence, 
poorly treated waste (wastewater and solid wastes) leads partly to a potential threat to 
human health and the environment.  
 Waste management as well as sludge management depend on different techni-
cal, ecological, economical and political aspects which have an impact on environ-
mental activities. In wastewater treatment plants, sewage sludge accumulates during 
the treatment process and has to be dealt with in an appropriate way to avoid negative 
impacts on the environmental media and to mitigate the risk of affecting human health. 
In particular, pathogen reduction is relevant when sludge is disposed of or re-used in a 
way that human contact is possible. In the sanitation sector, a growing attention for 
issues of sustainability can be observed. In general, these interests are expressed 
through, an increasing number of initiatives that are focused on the closing of water 
and nutrient cycles and the recovery and re-use of these resources. Finally, waste in-
cineration (waste-to-energy-disposal) may be classified as a method to recover energy 
if the closing of resource cycles is ineffective. In the 21st century, industrial countries 
                                       
1
 “Total wastewater generated is estimated at 3 million m
3
/day and total built treatment capacity is 125,000 m
3
/day.” 
[AECOM (2010), p. 115-127] 
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indicate an increasing interest in sustainable sludge management, including the pro-
duction of value-added products from wastewater sludge.  
 In Western Europe, sewage sludge management and its strategies are imple-
mented but they are authorised according to the respective local conditions. When we 
want to transfer these Western European technologies and experiences to other coun-
tries, a number of factors have to be taken into consideration, including climatic, cul-
tural, social, political and financial conditions. Developing countries do not have much 
experience with regard to resource recovery from wastewater or sewage sludge man-
agement. This is also the case for Vietnam. The situation in Vietnam is very typical for 
urban areas in developing countries, where on-site sanitation (decentralized systems) 
principally predominates over sewerage, but where collection and suitable disposal or 
treatment of sludge is inadequate. 
 Therefore, this present study is carrying out an applied research to contribute 
solutions to close this gap. In this respect, it has been very challenging through to give 
a state of knowledge for a sewage sludge management concept in Vietnam because of 
misunderstandings in communication, different research conditions, restricted technical 
possibilities and difficulties to obtain information. 
 The purpose of this paper is to develop an integrated concept for sewage 
sludge utilization and disposal from municipal wastewater treatment systems of (peri-
)urban areas in Vietnam. Consequently, the present work presents a variety of com-
pacted methods for sewage sludge utilisation and disposal and it can be used as a 
pragmatic and effective guidebook. The report concentrates mainly on a comprehen-
sive survey of various technologies and methods recently used for sewage sludge 
management, with major emphasis on municipal wastewater. The second study objec-
tive is to clearly outline the legal framework in Vietnam and the theoretical basis for the 
concept. Presenting a draft of a guideline, summarize and abstract several results of 
the research and recommend strategies and practices are additional objectives. 
 The present study addresses the Vietnamese government, different ministries, 
the municipal authorities, the urban administration, the People‟s Committee, owner as 
well as operation companies of WWTPs and all stakeholders which are connected with 
the management of sewage sludge including approaches to its re-use and disposal. 
 The situation of sewage sludge management in Vietnam has been evaluated 
during various site visits and interviews. Furthermore, sludge samples have been taken 
and analysed. All the available information and secondary literature have been as-
sessed, too. Moreover, the paper thoroughly explains the Vietnamese legal and institu-
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tional framework as well as standards. A comprehensive analysis of grab samples of 
sewage sludge and wastewater samples has been carried out to verify typical sewage 
sludge characteristics. Additionally, treatment facilities of the program “Wastewater and 
Solid Waste Management in Provincial Centres” and also other additional treatment 
plants have been focused on and inspected. Based on lessons learned, the report 
gives a detailed abstract such as a retro-perspective view on past projects, demon-
strates the current situation and should provide preventive indications to avoid mis-
takes and risks. In detail, the paper consists of the following main parts: 
 
 Part 1: Legal framework of sludge management in Vietnam, 
 Part 2: Theoretical basis for the concept, 
 Part 3: WWM Program information, analysis and learned outcomes,  
 Part 4: Sewage sludge management concept and a draft of a guideline,  
 Part 5: Summary and further prospects. 
 
 The study took place in Vietnam at Hanoi University of Science in the frame-
work of the DAAD (German Academic Exchange Service) – “An advancement of the 
German- Vietnamese University partnerships2”. The research has been supported by 
the program: “Wastewater and Solid Waste Management in Provincial Centers” and 
belongs to its technical part (chapter 4.2). 
 
 In order to give suggestions to improve the recent situation in Vietnam, this pa-
per gives an overview of the latest knowledge of sewage sludge treatment, re-use as 
well as disposal in (peri-)urban areas in Vietnam. Inevitably, due to the vast topic area, 
this diploma thesis makes no claim to be complete. Furthermore, all chapters are 
equally important regardless of their relative quantity of information. 
   
                                       
2
 Mastercourse Waste Management and Contaminated Site Treatment TU Dresden – Hanoi University of Science 
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2 LEGAL FRAMEWORK FOR SEWAGE SLUDGE 
MANAGEMENT IN VIETNAM 
2.1 BACKGROUND  
 The chapter presented here is the first of its kind dealing with the legal frame-
work for sewage sludge management in Vietnam and thoroughly explains the legisla-
tions, legal and institutional framework as well as standards. The legal framework of 
the water sector in Vietnam is abstract, complex and in state of a continuous change. 
[NGUYEN THI PHUONG (2010a), p. 1-7] Since 1986, the aspect of environmental pro-
tection has become more significant in the constitutional level in Vietnam. This can be 
observed in the articles 17 and 29 of the 1992 Vietnamese Constitution. The first Law 
of Environmental Protection was enacted by the National Assembly in 1993. The foun-
dation for the Law on Water Resources (No. 08/1998/QH10) was established in 1999 
and describes the framework for managing the water sector in Vietnam. Subsequently, 
environmental legislations have been advanced. [NGUYEN THI PHUONG (2010a), p. 
iii] All legal documents belong to a clearly arranged hierarchy from high to low legal 
force. The legal system consists of more than 20 types of legal documents enacted by 
different state bodies. [NGUYEN THI PHUONG (2010a), p. 10-13] Due to its complexi-
ty, many confusions occurred when having implemented the legal documents, 
[NGUYEN THI PHUONG (2010a), p. 11]. Significantly, Vietnam‟s legal documents are 
structured into Decisions, Circulars, Resolutions and Joint resolutions.  
 
2.2 INSTITUTIONAL FRAMEWORK 
 A lack of clarity and a usually inappropriate division of responsibility between 
ministries and institutions generally leads to considerable delays in the preparation, 
approval and implementation of almost every project. Similarly, weak points in internal 
organisation, an insufficient number of staff and inadequate qualifications of staff at all 
institutional levels negatively affect project processes (implementation, effectiveness 
and sustainability). [INWENT (2009), p. 111] Moreover, many institutional bodies over-
lap each other when it comes to competences and actions, for example MoC and 
MoNRE in Vietnam‟s water sector, [NGUYEN THI PHUONG (2010a), p. 132-137]. The 
local wastewater or solid waste companies (all urban environmental enterprises) have 
been pooled in limited liability companies. However, the financial management is under 
total control and supervision of the governmental institutions. The government distrib-
LEGAL FRAMEWORK FOR SEWAGE SLUDGE MANAGEMENT IN 
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utes budgets for the urban environmental issues, but the provided budgets are not suf-
ficient enough to cover the running expenses, e.g. operation and maintenance of 
wastewater treatment systems. Not to mention the fields of facility investments, rein-
vestments in the system development, or ordered residue management of WWTPs 
(e.g. sewage sludge). [INWENT (2009), p. 111-113] The institutional system interacts 
as depicted in (Figure 2-1) below.  
beneficiaries (population)
local (government) level
national (government) level
wastewater company 
DoNRE
 
Figure 2-1: Institutional framework of wastewater management in Vietnam [Bisa, B. (2011), p. 6] 
 
 The next Table 2-1 presents functions of institutions in the wastewater sector. 
Local wastewater and urban environmental companies need more capacity and inde-
pendence to provide services and operate economically. Moreover, these wastewater 
enterprises call for more knowledge and support for operation, maintenances and fi-
nancial management. At local levels, technical and management capacities are low-
developed and in combination with the newly introduced and often “foreign” wastewater 
technologies, the local authorities are facing many problems. [INWENT (2009), p. 111-
113] In many cases, management of sewage sludge provided by provincial urban envi-
ronmental companies in Vietnam is considered to be inadequate and incomplete. 
Table 2-1: Functions of institutions [HYDROCONSEIL/PEM Consult (2011), p. 15] 
 
 
Function Institution 
Policy-setting Ministry of Construction (MoC)
Planning and financing Ministry of Planning and Investment (MPI) and Ministry of Finance (MoF)
Operation and Maintenance
Provincial Urban Environmental Companies (URENCOs), controlled by the 
PPCs
Monitoring and Evaluation
Ministry of Health (MoH) regulates the quality of water supply and sanitation 
and the Ministry of Natural Resources and Environment (MoNRE) the quality 
of effluents.
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 To improve the current situation, the institutional framework should be re-
searched in a better way because the institutional landscape is not completely clear at 
the moment. This analysis should deal with roles, responsibilities, gaps and overlaps of 
the instructional organs in Vietnam. Based on the research results, the institutional 
framework should be modified and changed. An introduction of sewerage charges at 
public levels in Vietnam is necessary. In this respect, the local governments have to 
raise awareness for wastewater cleaning services at public levels. The services provide 
high benefits for public health. Moreover, trainings and capacity building are required at 
local levels, which focus on management, operation and maintenance of the existing 
wastewater infrastructure (in practice). [INWENT (2009), p. 111-113]  
 
2.3 LEGAL FRAMEWORK 
 Environmental laws and regulations in Vietnam are relatively well-developed. 
There is a set of Laws, Decrees and Circulars given which covers almost the whole 
territory in terms of sludge management. [INWENT (2009), p. 87] These include:  
1. Law on Environmental Protection promulgated on November 29, 2005, came 
 into force on July 1, 2006; 
2. Law on Water Resources 1998; 
3. Government Decree 80/2006/ND-CP, August 9, 2006, detailing the implementa
 tion of Law on Environmental Protection; 
4. Circular 08/2006/TT-BTNMT, September 8, 2006, providing instruction and 
 guidance on strategic environmental assessment (SEA), environmental impact 
 assessment (EIA) and environmental protection engagement; 
5. National Strategy on Environmental Protection up to the year 2010 and Vision 
 to 2020, approved by Decision No. 256/2003/QD-TTg, issued on December 2, 
 2003 by the Prime Minister; 
6. Strategic Orientation for Sustainable Development (Viet Nam Agenda 21), ap
 proved by Decision No. 153/2004/QD-TTg, issued on August 17, 2004 by the 
 Prime Minister; 
7. Government Decree No. 88/2007 on Urban and Industrial wastewater, May 28, 
 2007; 
8. Government Decree No. 59/2007 on Solid waste management, April 9, 2007. 
 
LEGAL FRAMEWORK FOR SEWAGE SLUDGE MANAGEMENT IN 
VIETNAM 
16 
 MoNRE has enacted Circular 08 to supply “(...) detailed instructions of strategic 
environmental assessment, environmental impact assessment and other environmental 
enforcement tools”, [INWENT (2009), p. 87]. Thereby, the two first environmental en-
forcement tools play a major role for the environmental planning and management.  
 Environmental protection in Vietnam is based on the 2005 Law on Protection 
of the Environment (No. 52-2005-QH11) which is divided into 15 chapters and 136 
articles. In Article 1 of [No. 52-2005-QH11], the Government defines that “This Law 
regulates environmental protection activities, policies, measures and resources for pro-
tection of the environment; and the rights and obligations of organizations, family 
households and individuals with respect to protection of the environment.”  
 Principally, the law demands environmentally responsible behaviour from con-
sumers and producers and involves regional and global issues such as climatic 
change. The regulatory gives a line of general principles: The objective of sustainable 
development, prevention, the polluter pays principle, the promotion of environmentally 
friendly technologies and consumer behaviour are formulated. In detail, it firmly en-
trenches principles of prevention, which are classified into three levels of environmental 
assessments. 
 A “list of projects” shows 102 industrial or commercial branches which are all 
required to have a significant environmental impact. These projects range from tele-
communications to power generation, textile, electronics or coffee processing. [UNIT-
ED NATIONS (2009), p 72-74] All companies affected by the list of projects have to 
prepare an “environmental impact assessment report”, [DECREE 80-2006-ND-CP-
Appendix].  
 Chapter VIII describes the general provision of waste management- the 3R‟s 
“(…) reducing, recycling and reusing wastes so as to minimize the quantity of waste to 
be incinerated or discarded.” and is subdivided into 5 sections, [No. 52-2005-QH11].  
 In section 4, MANAGEMENT OF WASTE WATER, Article 81 (Collection and 
treatment of wastewater), is stated that: wastewater produced by urban centers and 
residential areas must have “(…) separate systems for collection of rainwater and 
waste water; waste water from daily life must be treated up to environmental standards 
before being discharged into the environment” and wastewater produced by industry 
zones, business and service establishments “(…) must be collected and treated up to 
environmental standards.” 
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 “Mud” [Article 81; Clause 3]3, considered as sewage sludge that is sup-
posed to be “(…) discharged from waste water treatment systems must be ma-
naged according to solid waste management regulations”, [ANH, H. (2009)]. 
 As per clause 44, “waste water and mud containing hazardous elements must 
be managed according to hazardous waste management regulations.” Subsequently, 
there is stated that “waste management shall be performed under the provisions of this 
Law and other relevant laws.” [No. 52-2005-QH11]  
 Furthermore, the Law on Environmental Protection No. 52-2005-QH11 gives 
attention to the financial aspects of waste and wastewater treatment by setting an “en-
vironment fee”. The fee must be paid by projects that exert an “adverse” impact on the 
environment or by projects that discharge waste into the environment, [UNITED NA-
TIONS (2009), p 72-74]. 
 In detail, wastewater and waste management are particularly formulated in De-
cree 88 (Urban and Industrial Wastewater Management) and Decree 59 (Solid Waste 
Management), [INWENT (2009), p. 88]. Decree No. 59/2007/ND-CP aims to provide 
“solid waste management rights and obligations of entities engaged in solid waste ac-
tivities”, such as separation, collection, storage, transportation and disposal of solid 
waste including expenses for solid waste management, inspection, examination and 
handling of violations, [Article 1]. It also regulates that “polluters pay” a fee for collect-
ing, transporting and treating solid waste, [DECREE No. 59/2007/ND-CP].  
 Waste management, as defined in Decree 59, Article 3, Clause 1; “(…) means 
activities of planning, managing, investing in building solid waste management facili-
ties, separating, collecting, storing, transporting, reusing, recycling and disposing of 
solid waste in order to prevent and minimize adverse impacts on the environment and 
human health.”  
 Despite the reference in Article 81; Clause 3, No. 52-2005-QH11, regulations of 
the management of sewage sludge is not mentioned in Decree 59. In terms of financ-
ing sewage sludge management, the Governmental Decree 88 on Wastewater Man-
agement introduces an external user fee for wastewater which is different from the en-
vironment fee, [INWENT (2009), p. 88]. In case of breaches of environmental protec-
tion rules, there are strict penalties and fines according to the law: “Offenders are re-
quired to clean up, rehabilitate and pay compensation for losses incurred by third par-
                                       
3
 “Bùn thải từ hệ thống xử lý nước thải được quản lý theo quy định về quản lý chất thải rắn”,. 
4
 “Nước thải, bùn thải có yếu tố nguy hại phải được quản lý theo quy định về chất thải nguy hại.” 
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ties.” The organization heads can be prosecuted for serious environmental damages. 
[UNITED NATIONS (2009), p 72-74]  
 At local levels, Departments of Natural Resources and Environment (Do-
NRE’s) are qualified organizations under the People‟s Committee, which “assist the 
People‟s Committee to implement their state management tasks on natural resources 
and the environment” and observe the environmental protection, [NGUYEN THI 
PHUONG (2010a), p. 88]. 
 
2.4 STANDARDS 
2.4.1 Technical standards 
 The MoNRE “(…) is responsible for setting and announcing water resource 
standards and formulating and promulgating technical regulations on the protection and 
use of water resources”, [NGUYEN THI PHUONG (2010a), p. 55]. Vietnamese Envi-
ronmental Standards (TCVN) are “compulsory” as regulated by Decision No. 
35/2002/QD-BKHCNMT, [NGUYEN THI PHUONG (2010a), p. 55]. A selected overview 
on TCVNs which belong to wastewater, solid waste as well as sewage sludge man-
agement is represented below: 
 TCVN 5945:2005 “Industrial waste water – Discharge standards” 
 TCVN 5942:1995 “Water quality - Surface water quality standard” 
 TCVN 6773:2000 “Water quality - Water quality guidelines for irrigation” 
 TCVN 5941:1995 “Soil quality - Maximum allowable limits of pesticide residues 
 in the soil” 
 TCXDVN 320:2004 “Hazardous solid waste landfills – Design standard” 
 TCXDVN 261:2001 “Landfill - Design standard” 
 TCVN 7733:2007 “Water quality - Effluent standards for leachate of solid waste 
 landfill sites” 
 TCVN 6696:2000 “Solid wastes - Sanitary landfills. General requirements to 
 environmental protection” 
 TCVN 6825:2001 “Water quality - Evaluation of the "ultimate" anaerobic biode
 gradability of organic compounds in digested sludge. Measurement method of 
 the biogas production” 
 TCVN 6663-13:2000 “Water quality - Sampling. Part 13: Guidance on the sam
 pling of water, wastewater and related sludge” 
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 TCVN 5298:1995 “General requirements for the use of waste waters and their 
 sludge for watering and fertilizing purposes” 
 TCVN 6226:1996 “Water quality - Test for inhibition of oxygen consumption 
 through activated sludge” 
 TCVN 6826:2009 “Water quality - Determination of the elimination and biode
 gradability of organic compounds in an aqueous medium. Activated sludge si
 mulation test” 
 TCVN 6560:2005 “Health care solid waste incinerators - Emission standards for 
 health care solid waste incinerators. Permissible limits” 
 TCVN 6705:2000 “Non-hazardous solid wastes - Classification” 
 TCVN 6706:2000 “Hazardous wastes - Classification” 
 TCVN 7241:2003 until TCVN 7246:2003 “Health care solid waste incinerators - 
 Determination method of different pollutants concentration in fluegas” 
 TCVN 7380:2004 “Health care solid waste incinerators - Technical require
 ments” 
 TCVN 7556-1:2005, TCVN 7556-2:2005, TCVN 7556-3:2005, TCVN 7557-
 1:2005, TCVN 7557-2:2005, TCVN 7557-3:2005, TCVN 7558-1:2005, TCVN 
 7558-2:2005 belong to the determination of solid waste incinerators pollutants 
 characteristic. 
 
2.4.2 National standards 
 In the years to come, all TCVNs will be transformed into National Technical 
Specifications on the Environment (QCVN). The process has started 2008. 
 
 QCVN 14:2008/BTNMT “National technical regulation on domestic wastewater” 
 QCVN 08:2008/BTNMT “National technical regulation on surface water” 
 QCVN 02:2008/BTNMT “National technical regulation on the emission of health 
 care solid waste incinerators” 
 QCVN 03:2008/BTNMT “National technical regulation on the allowable limits of 
 heavy metals in the soils” 
 QCVN 02:2009/BYT “National technical regulation on domestic water quality” 
 QCVN 01:2009/BYT “National technical regulation on drinking water quality”. 
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2.5 CURRENT SITUATION 
 As in many developing and transformation countries, also in Vietnam legisla-
tions, regulations and standards are not completely followed and fulfilled. In practice, 
the implementation of laws and provisions is based upon time, place, technical condi-
tions, state observation, financial potential etc. Especially export-orientated industrial 
companies begin to meet the regulatory requirements because an ecologically sensi-
tive production can be more attractive for consumers (merchandising), e.g. ISO- and 
EMAS-certificates. Other industrial enterprises, state owned wastewater companies, 
local authorities and agriculture enterprises have to operate with their available capital. 
This financial budget is still very limited in Vietnam. [CORNEL, P. et al. (2005), p. 392]  
 By now, Vietnam‟s legislation is constructed as a complex system of legal and 
regulatory documents which are enacted by different state agencies. Due to its com-
plexity and the diversity of laws, the complicated implementation processes turn out to 
be insufficient at provincial and communal level. [NGUYEN THI PHUONG (2010a), p. 
5] Owing to the pressure of industrialisation, the water resources have not been pro-
tected in an appropriate manner. The fact that the Vietnamese legal system is gener-
ally complex causes complications with overlapping and contradictory regulations. Ob-
viously, present regulations should be checked, systemised and justified. At the same 
time, unjustified, overlapping and contradictory legal documents must be revised. 
[NGUYEN THI PHUONG (2010a), p. 132-137]  
 The following key points provide helpful suggestions which should improve the 
legal and regulatory situation in Vietnam: [LEARY et al. (2010), p. 247-269] 
 1. “Education and training” - Many developing countries have a lack of well-
skilled officials with sufficient knowledge of wastewater treatment and solid waste man-
agement. Moreover, marketing to permit successful project implementations is re-
quired. 
 2. “Public involvements and transparency” - The environmental awareness of 
individuals, officials, organizations, state-owned companies, enterprises or others are 
indicated as very inadequate. 
 3. “Legal framework” - The necessary legal system is mostly incapable of go-
verning contractual agreements, regulating sustainability and environmental or social 
aspects. Clearly arranged regulations for sanitation and sanitation services have to be 
enacted to achieve improved sanitation infrastructure, service efficiency and quality in 
the future. Hygienic and environmental awareness are increasingly required.  
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 Furthermore, it is necessary to develop a handling and managing concept 
for sewage sludge and septage in urban as well as rural areas in Vietnam.  
 4. “Enforcements/ Corruption” - As OTTINGER, L. R. stated in [LEARY et al. 
(2010), p. 250] “The required enforcement structure is not always in place, with appro-
priate penalties for violations and sufficient numbers of adequately paid and trained 
personnel to ensure that laws are complied with.” At least annually, regular inspections 
and publications of reports on the observance of relevant laws and regulations are 
necessary.  
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3 THEORETICAL BASIS FOR THE CONCEPT 
 Management of sewage sludge is part of the modified anthropogenic water cy-
cle. The water quality of natural water circulation is modified by exploitation, condition-
ing and consumption as well as disposal. An organisation of sludge management 
should take into consideration the entire process chain of water quality including inter-
active parameters. Therefore, as an overview, the water cycle in general, the drinking 
water abstraction, drinking water purification and drinking water distribution as well as 
wastewater collection and wastewater treatment are presented in Figure 3-1. [THOMÉ-
KOZMIENSKY (1998), p. 3-20] 
Drinking- and 
Process Water 
Wastewater
Drinking Water Purification
Water Distribution
Water Consumption
Wastewater Collection
Wastewater Treatment
Sewage Sludge Pre-Treatment
Sewage Sludge Management 
Groundwater System
Drinking Water Abstraction
Surface Water
Soil
Pre-Flooder
Soil
Sewage sludge
Cleaned Wastewater
 
Figure 3-1: Structure of water-wastewater-cycle [THOMÉ-KOZMIENSKY (1998), p. 3] 
 The major sources of water pollution in developing countries are based on do-
mestic, industrial and agricultural impacts. Wastewater strategies should concentrate 
on this range of indicators: [ULRICH, A. et al. (2009), p. 21] 
 Wastewater (human excreta, urine, faeces := black water)  
 Household wastewater (wash water, shower water := grey water) 
 Storm water 
 Waste from industrial production 
 Hazardous waste (as from hospitals) 
 Solid wastes (such as sewage sludge) 
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3.1 SEWAGE SLUDGE 
 Sewage sludge is the mixed residue out of water and solids which has been 
accumulated during the water treatment process of industrial and municipal wastewa-
ter. In prior to its utilisation or disposal, sludge requires further treatment to reduce epi-
demiological pathogens and organic content. The total amount generated depends 
“(…) on the number of households, the number of industrial plants and the efficiency of 
the sewage treatment plants” , [BILITEWSKI (2000), p. 42]. 
 Sewage sludge is the desired product (solid waste) of extensive and cost-
intensive wastewater treatment processes. Thereby, sludge is the designated collector 
for all pollutants contained in the wastewater. [THOMÉ-KOZMIENSKY (1998), p. 769] 
As illustrated in Table 3-1, approximately two million tons (Mg) of sewage sludge from 
around ten thousand biological municipal purification plants were disposed of in 2008 
(Germany). 
Table 3-1: Statistical data of water management in Vietnam and Germany  
Year  
No. of sewage 
treatment plants 
Sewerage 
connection 
rate [%] 
Wastewater 
volume 
[million m³] 
Sewage sludge  
[million Mg dry 
matter]   
Federation 
            
2008 9 933 96 10 071 2.05 Germany
5
 
            
2008 n a. ~65  n.a.  n.a. Vietnam
6
  
 
 Compared to Germany, Vietnam still has an immense backlog in terms of sew-
erage connection rate (Table 3-1). The paper of AECOM (2010), p. 115-127 reported 
that 65 % of the inhabitants in Vietnam have access to sanitation at the national level 
(rough estimates), calculated with the urban (88%) and rural sanitation access (56%) 
and the population distribution (urban/rural). In this case, it should be tried to question 
the correctness of the sewer connection rate data. Other findings of [RASCHID-SALLY 
(2004), p. 1],“(…) indicate that 75% of domestic wastewater in large cities and 45% in 
smaller cities are discharged into sewers.” and illustrate even lower values for the cit-
ies. Only a few major cities in Vietnam have WWTPs of which only a few can be oper-
ated. The bulk of the collected wastewater is discharged untreated (Table 3-2). No sta-
                                       
5
 Source: Federal Statistical Office (Destatis), Data based on German Ministry of the Environment (2008) 
6
 Source: [AECOM (2010), p. 115-127] 
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tistics have been found when it comes to the actual volume of sludge in Vietnam. The 
data of the total amount of sludge in Vietnam is not available at the moment because 
the WWTPs are restricted in terms of operation and maintenance. The following Table 
3-2 illustrates that more than three quarters of urban households in Vietnam depollute 
wastewater within septic tanks. [AECOM (2010), p. 115-127] State-run as well as pri-
vate septage companies generally collect faecal sludge with vacuum tankers and 
transport the sludge to existing septage treatment plants or landfill sites, if applicable, 
while more common methods tend to “dispose of septage in drains, fish farms, and 
waterways”, [AECOM (2010), p. 119]. These practices of disposal violate the Vietnam-
ese law [TCVN 5945-2005] and are illegal. It is forbidden to dump septage into the en-
vironment, in drainages as well as irrigation channels and in fishponds. [KLINGEL 
(2001), p. 4-10]  
Table 3-2: General statistical data (Vietnam) [AECOM (2010), p. 115-127] 
Total population(in millions) 2010 87   Nominal GDP (in billion $) 2010
7
 101.5 
Urban population(in millions)  23   Nominal income ($) 2010 1.200 
Urban population(in % of total) 27   Annual water budget per cap  -  
Access to improved water (in %) 98   Annual sanitation budget per cap  -  
Access to improved sanitation (in %) 88   Fee to desludge (in $ per m
3
) 9-13 
Access to piped sewerage (in %)  -    Polluted surface water bodies   -  
Use of septic tanks (in %) 77   Economic cost for poor sanitation (in million $) 780 
Treatment of Collected Sewage (in %) 4       
 
 However, typical appliances for untreated wastewater and sewage sludge have 
been utilised in agriculture, aquaculture (fishponds) and landscaping measures induc-
ing immense health risks, [NGUYEN VIET ANH (2010), p. 17]. In 2010, with an aver-
age income of 1.200 $ in Vietnam (Table 3-2), desludging a septic tank is still cost-
intensive for many households, especially if the invoice amount has to be paid all at 
one, [AECOM (2010), p. 115-127]. Companies which operate and maintain wastewater 
treatment plants are facing the same problems. The Governmental Degree 67 and 88, 
aim to charge a wastewater fee. As reported in the paper [AECOM (2010), p. 115-127], 
“(...) specifically, the public service companies are responsible for collecting a 10 per-
cent fee on all water bills.” Currently, there cannot be observed a lot of willingness nei-
ther to pay water supply fees nor wastewater fees in Vietnam, [VIETNAM NEWS 
(11/02/2011)]. As a consequence of this, wastewater discharges without significant 
treatment into the water cycle, for example, into the soil and into surface water (lakes, 
                                       
7
 Source: [THAI KIM (2011), p. 15-16]  
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rivers, costal water and channels) and therefore infiltrates the groundwater, [AECOM 
(2010), p. 115-127]. When wastewater comes into contact with nature and natural re-
sources, natural degradation processes start simultaneously. Due to these impacts, 
contaminated particles (inorganic and organic compounds) start to settle and concen-
trate on the benthic division. As a representative example, for this known problem, lake 
Hoan Kiem (Table 4-1) can be cited. In Vietnam there are numerous examples for this 
issue.  
 VIETNAM NEWS (09/03/2011) reported that they have started to dredge and 
clean the beds of “(...) city‟s lakes and rivers all severely polluted because of uncon-
trolled urbanisation and industrialisation (...)”, and especially “(...) four rivers with their 
channel network have been highly polluted for years, creating visual pollution and 
strong smells.” Moreover, ”(...) a report by the city Environment and Natural Resource 
Department last year found that BOD5 (...) in the Tô Lich River was 7.13 times above 
the accepted level, 2.84 times in the Sét River and 5.28 times above in the Lù River”, 
[VIETNAM NEWS (09/03/2011)].  
 As reported by the Federal Statistical Office [Destatis (22/12/2009)], more than 
half (52.5%) of the nearly two million tons (Mg) of sewage sludge from municipal purifi-
cation plants was incinerated in 2008. In Table 3-3, a variety of contributions for utilisa-
tion and disposal of waste sludge from biological wastewater treatment in Germany 
have been exemplified.  
Table 3-3: Disposal of waste sludge from biological wastewater treatment [DESTATIS (2008)] 
direct disposal of waste 
sludge total [Mg] 
in agriculture
8
 
[Mg] 
in landscaping 
measures
9
 
[Mg] 
other material 
recycling [Mg] 
thermal 
waste dis-
posal 
[Mg] 
landfill
10
 
[Mg] 
2 054 102 587 832 331 556 54 609 1 077 624 2 481 
 
 Direct dumping on landfill sites has been reduced to less than 1 % of the whole 
waste sludge accumulation (Figure 3-2). Slightly more than a quarter has been used in 
agriculture. Exactly 16.1 percent have been used for landscaping measures in Ger-
many. The entire allocation of disposal of waste sludge in percentage is clearly pre-
sented in Figure 3-2. 
                                       
8
 According to German ordinance of waste sludge (Klärschlammverordnung - AbfKlärV) 
9
 For example composting and recultivation 
10
 If allowed according to German ordinance of waste disposal (Abfallablagerungsverordnung - AbfAblV). 
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 The general statistic office of Vietnam (GSO) has published a few clauses about 
environmental protection in the report on “SOCIO-ECONOMIC STATISTICS, 2010”. 
Among the statistics it is stated that, “(...) liquid wastes generated from businesses in 
2008 were 412 million m³ of which 82.4% of the wastes were treated”, [GSO (2011)]. 
 
Figure 3-2: Allocation of disposal of waste sludge in percentage [DESTATIS (2008)] 
 
 In brief, Vietnam‟s current sludge disposal possibilities have caused many com-
plications concerning the disposal of existing and newly generated amounts of waste 
sludge. The discharge of untreated domestic waste sludge into channels and rivers, as 
well as inappropriate disposal of partially treated waste sludge, lead to potential risks 
for public health and the environment to a large extent. The problem is portrayed, for 
example in an article of [VIETNAM NEWS (15/04/2011)], whereby about 900 m³ of 
sludge has been dumped into the sea of Vũng Tàu. The sludge was dredged from the 
city‟s Dinh river. At the same time, the responsible wastewater company in Can Tho 
city has reported in an interview [WSSC CAN THO, Head of Waste Water Department, 
Ms Tien], that the company has stopped the dredge campaign because of restricted 
sludge treatment and disposal paths. The most common disposal path for untreated 
sludge still is the direct discharge into landfills. For instance, the landfill statistics of 
2010 in Kieu Ky (Gia Lam) have shown that 42 Mg untreated waste sludge per day 
have been disposed of, [FRANCES, A. (2011)]. Landfill sites in Vietnam are “running 
short” of the capacities in the future, as reported by [VIETNAM NEWS (04/04/2011)]. In 
this case, the increase of waste and a lack of waste treatment or recycling possibilities 
lead to a growth of this kind of waste disposal. Furthermore, “up to 85-90% of the 
dumps in use had failed to meet sanitation standards, posing high health and environ-
mental risk”, as stated in the report. Besides, to solve the problem, Vietnam “(...) had 
invested in upgrading and expanding dumps and the waste treatment plants, seek-
ing to improve their capacity and use more modern technology to protect the environ-
ment.” Vietnam‟s land resources will become more and more limited and landfill sites 
are just temporary measures. Alternative measures to ecological harmful waste dis-
posal are urgently needed. [VIETNAM NEWS (04/04/2011)] Due to the rising prices of 
28,6
16,1
2,7
52,5
0,1
in agriculture [%]
in landscaping measures [%]
other material recycling [%]
thermal waste disposal [%]
landfill [%]
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fertilizers, sewage sludge and its controlled re-use in agriculture should be taken into 
consideration. The countries demand of 8.5 million Mg of fertilizer currently cannot be 
covered by the own production of fertilizer (5.9 million Mg). [VIETNAM NEWS 
(09/05/2011)] Immediate action is required to modify the ways sewage sludge is dis-
posed of and corresponding legislation. 
 
3.1.1 Sewage sludge types 
 In general, wastewater and household wastewater are treated in municipal 
WWTPs. Sewage sludge is basically composed of water and organic and inorganic 
solids. In principle, the generated sewage sludge varies in its quality and quantity ac-
cording to regional wastewater characteristics and used wastewater treatment technol-
ogy. Between and after each wastewater treatment step (Figure 3-3), sludge is accu-
mulated. [THOMÉ-KOZMIENSKY (1998), p. 57]  
 
Figure 3-3: Wastewater treatment process [DICHTL, N. (2011), p. 3] 
 
 In typical wastewater treatment plants, sewage sludge is produced according to 
the process scheme in Figure 3-3. The figure explains the three basic steps of waste-
water treatment, which are mechanical, biological and chemical treatment. Main sludge 
types are defined in DIN-EN 4045 and DIN-EN 1085 according to their appearance. 
The norms differentiate sewage sludge into primary, secondary and tertiary sewage 
sludge as well as screenings, grit and scum (grease, fat, oil and floating sludge). 
Sludge, according to [DIN-EN 1085 (1997), nr. 1020] is a generic term for a, “mixture of 
water and solids separated from various types of wastewater as a result of natural or 
THEORETICAL BASIS FOR THE CONCEPT 
28 
artificial processes.” with reservations that “the residues of preliminary treatment are 
not considered as sludge.” 
 In Table 3-4 below, the different definitions of sludge are presented in a com-
prehensive summing-up. Essential for this study is municipal sludge in (peri-)urban 
areas, for instance septage and sewage sludge, which have been accumulated in de-
centralized wastewater treatment plants. Typical on-site facilities for sludge are pit la-
trines, septic tanks, decentralized wastewater treatment plants and grease traps. 
[SCHMIDT, A. (2010), p. 2] Industrial sludge is listed in Table 3-4 but is not subject 
matter of this research. 
Table 3-4: Overview of sludge types [THOMÉ-KOZMIENSKY (1998), p. 107-113] 
Sludge type Definition (according to [DIN-EN 4045] and [DIN-EN 1085]) 
raw sludge  non-stabilised sludge  
primary sludge  sludge removed from primary treatment, unmixed with other recycled sludge 
secondary sludge sludge separated after secondary or biological treatment   
precipitation sludge/   
chemical sludge 
sludge separated after chemical precipitation or flocculation   
stabilised sludge  
sludge which has been subjected to a stabilisation process, thereby reducing its ten-
dency to degrade below a specified level 
anaerobically digested 
sludge  
sludge stabilised by anaerobic digestion  
aerobically digested sludge  sludge stabilised by aerobic digestion  
septage  sludge removed from septic tanks  
sludge liquor 
liquor separated from sludge (note: sludge liquor can be called: supernatant (thickener, 
digester), decantate (decanter), filtrate (filter), centrate (centrifuge))  
thickened sludge  
separated sludge from heterogenic mixtures with higher solid concentration  (note: solid 
content 20-40 %) 
thin sludge  
fresh concentrated sludge or anaerobically digested sludge (note: solid content until 
20%) 
industrial sludge  
sludge removed from industrial production process, multi-mixed chemical sludge sub-
stances 
 
 Besides sludge, grit, grease and screenings are separated in the wastewater 
treatment process (Figure 3-3). These residues are not characterised as sludge, but as 
solid wastes. Grease can be used additionally for the biological stabilisation processes 
or anaerobic digestion of sludge, as illustrated in Figure 3-5. Grit and screening are 
utilised as solid wastes. After dewatering screenings and grit, they can be treated like 
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solid waste. According to Figure 3-4 treatment rests can be disposed of on landfills. 
After washing grit, it can be re-used in road construction; otherwise it can be dumped in 
landfill sites. Another possibility therefore is to use it for cover layers in those landfills, 
as shown in Figure 3-4. [THOMÉ-KOZMIENSKY (1998), p. 57-62] 
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Figure 3-4: Treatment and utilisation possibilities for grit [LfUG SACHSEN (2006), p. 72-74] 
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Figure 3-5: Treatment and utilisation possibilities for screenings [LfUG Sachsen (2006), p. 75-77] 
 
 In the beginning of each waste utilisation organisation basic material character-
istics as well as the actual situation and a prognosis of the to be produced residues 
(quantity of waste) should be determined, [BILITEWSKI (1996)]. 
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3.1.2 Quantity 
 First of all, as a precondition, it is important to know about the total amount of 
produced sludge for further applications. The exact quantity is taken as a basis for the 
dimension of the design capacity, treatment capacity and logistical organisation. With 
each treatment step more sludge accumulates. According to requirements the total 
amount of sludge can be estimated based on empirical values. The example given in 
Table 3-5 shows typical values by Imhoff. [THOMÉ-KOZMIENSKY (1998), p. 107-133] 
 
3.1.3 Sludge volume 
 Sewage sludge is a voluminous residue of municipal wastewater treatment. The 
water content has a major influence on the sludge volume. [KÜHN, V. (2008), p. 9-13] 
Reducing the volume immensely decreases the costs for transport and storage, [IN-
VENT (2009), p116]. All in all, transport is the main cost factor, [SCHMIDT, A. (2010), 
p. 4]. While the solid matter in the example below is constantly at 25 m³, the change of 
volume due to dewatering can be observed in Figure 3-6. The volume can be signifi-
cantly reduced down to a solid content of 35%. Afterwards, volume reduction is limited 
and significant minimization can be obtained. [KÜHN, V. (2008), p. 16] 
Legend 
10 000 m³ (2.5 %  TS) 
thin sludge
1 000 m³ (25  %   TS)
thickened sludge
< 100 m³
ash
 
Figure 3-6: Sludge volume reduction[THOMÉ-KOZMIENSKY (1998), p. 107-133] 
 
 By means of sludge digestion, the organic component can be minimized down 
to 50%, as represented in Figure 3-7. As a result, the total solid content decreases to 
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62,5%. The produced biogas can be used to cover the energy costs for the wastewater 
and sludge treatment process. [DICHTL, N. (2011), p. 10] 
 
Figure 3-7: Comparison of raw sludge and digested sludge [DICHTL, N. (2011), p. 10] 
 
3.1.3.1 Municipal sludge 
 Urbanisation and the population growth result in an increasing number of 
WWTPs and a growing amount of sewage sludge that has to be treated and disposed 
of. With the increase of environmental problems resulting from a lack of treatment and 
disposal facilities, the necessity to act is getting more and more obligatory. Obtaining 
information about sludge production rates is the starting point for successful sludge 
management design, which becomes a high priority task for engineers. [L'HERMITE, P. 
(1991), p. 14-44]  
 In Vietnam, there is no reliable reasonable information about sludge production 
rates from different wastewater treatment processes. Available values have to be ad-
justed to other empirical values (Table 3-5) to calculate an expected amount of sewage 
sludge. The total amount of sludge without industrial activity can be ascertained 
through the total number of people living in households connected to the WWTP. Daily 
incidental sludge quantity and quality by [THOMÉ-KOZMIENSKY (1998), p. 107-133] 
depends on: 
 Living standards, lifestyle (consumption of water and alimentation), 
 Climatic situation, 
 Place of employment, 
 Connection to a sewer (inside or outside the catchment area of the WWTP), 
 Used technical standards and the WWT technologies and prevailing conditions 
 of operation.  
aerobic: CO2
anaerobic: CO2 + CH4
100%
50gTSS/pd
67%
53gTSS/pd
33%
27gTSS/pd
100%
80gTSS/pd
45%
23gTSS/pd
55%
27gTSS/pd
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 As detail given below in Table 3-5, the conventional values according to Imhoff 
are outlined. Hence, the table illustrates general sludge production rates in different 
WWT steps. 
Table 3-5: Suspended solids and sludge volume according to WWT steps [IMHOFF, K. R. (1983)] 
  
Solids 
[g/(cap•d)] 
Loss of ignition 
[Ma-%] 
Total solid  con-
tent [TS %]  
Sludge production 
[l/(cap•d)] 
Raw sludge of the settlement tank          
Primary sludge  54 38 5-10  0.72 
Biological filter sludge from the clarifier  10-20 6-10 4-8 0.25 
Surplus activated sludge from the 
clarifier biological step  
20-30 15-23 0.5-2.5 1.7 
Anaerobically digested sludge, desis-
tance from the digester  
        
Primary sludge  34 17 5-12 0.4 
Primary sludge and biological filter 
sludge  
40-43 20-24 5-10 0.6 
Primary sludge and surplus activated 
sludge   
48-60 24-30 4-8 0.9 
 
 
 The population equivalent is defined in [DIN-EN 1085 (1997), No. 1040]: 
“Conversion value derived from comparison of trade wastewater or industrial wastewa-
ter with domestic wastewater as determined from the daily quantity of wastewater or 
sewage substances.  
 Population equivalent based on BOD5, eg PEB60 means that the population 
 equivalent is based on five days biological oxygen demand of the wastewater, 
 amounting to 60 g/(cap·d). Note: This is a definition of population equivalent 
 defined in urban wastewater directive EEC. Alternative means of defining popu
 lation equivalents given below. 
 Population equivalent based on daily amount wastewater per inhabitant, eg 
 PEW200 means that the population equivalent is based on an amount of waste
 water of 200 l/(cap·d). 
 Population equivalent based on suspended solids, eg PESS70 means that the 
 population equivalent is based on a wastewater suspended solids amount of 70 
 g/(cap·d). 
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 Population equivalent based on Kjeldahl nitrogen (KN) means that the popula
 tion equivalent is based on Kjeldahl nitrogen of the wastewater amounting to 12 
 g/(cap·d). 
 Population equivalent based on P, or PEP2 means that the population equivalent 
 is based on total phosphorous of the wastewater amounting to 2 g/(cap·d).” 
 
 The daily incidental sludge volume of a WWTP amounts to 2 l/(cap·d) and ac-
cumulates a solid content of 80 g/(cap·d). The major parameter for dimension the de-
sign capacity and treatment capacity depends on the total number of inhabitants and 
the population equivalent. The total population (PT) is defined as the sum of population 
and population equivalent: PT= P + PE [THOMÉ-KOZMIENSKY (1998), p. 107-133] 
 
3.1.3.2 Total sludge amount in Vietnam 
 A calculation or an estimate calculation of the total amount of sewage sludge in 
Vietnam has been outlined in the well-arranged overview in Appendix A. The calcula-
tion shows the produced total dry solid mass of sludge with the assumption that only 
activated sludge treatment processes are used. Approximately 2.5 million Mg dry 
solid matter of sewage sludge is estimated to be produced when all households 
are connected (Table 3-6). Sludge is only accumulated in WWTP‟s when the waste-
water is collected through sewer systems and treated afterwards.  
Table 3-6: Sludge amount depending on house connection [Appendix A] 
House connec-
tion  
[%] 
100 80 70 60 50 40 
Produced 
amount million 
[Mg dry TS per 
year] 
2.54 2.03 1.77 1.52 1.27 1.01 
 
 Furthermore, the results present that the total amounts (in WWTPs) vary de-
pending on the house connection rate. House connection rates fluctuate in huge ampli-
tudes, depending on rural areas or urban areas, large cities, smaller cities, or even on 
the area of the city, [POGADE, F. et al. (2008), 6-22]. This fact has also been esti-
mated in the fourth scenario and it amounts to about 1.15 million Mg dry solid mat-
ter of sludge accumulated in WWTPs. In this case, the population distribution in Viet-
nam has been implicated as a fact. The other calculation scenarios (Appendix A) are 
referring to the septic tanks problems. The population contribution and the application 
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of septic tanks (urban/rural) are included in the different calculations. In Vietnam, oper-
ation and maintenance of septic tank (desludging, etc.) is fundamentally different from 
the typical requirements. Assuming that the septic tanks will be emptied in frequencies 
of three, six or nine years; the total amount of septage in Vietnam could be calculated 
to show the variations.  
 In practice, a lot of septic tanks in Vietnam cannot be emptied because of pre-
vailing constraints (manhole, design, infrastructure, etc.). The comparison in Table 3-7 
significantly marks wide variations based on the number of people which use a septic 
tank and on desludging frequencies. 
Table 3-7: Septic tank amount in Vietnam [Appendix A] 
Desludging frequencies  
4-people used septic tank  
[million m³ per year] 
8-people used septic tank  
[million m³ per year]  
3-Years  10.93 5.46 
6-Years 5.46 2.72 
9-Years 3.64 1.82 
 
 
 Information, literature and knowledge related to decentralized treatment sys-
tems, the number of facilities and scientific data related to sludge production are low 
developed and rarely published, [POGADE, F. (2011), p. 4]. The amount of produced 
sludge could not be estimated. The total dry mass of sludge produced during decentra-
lized approaches can be assumed as a small quantity. With respect to the guideline 
(ATV-A 123), small treatment plants produce 0.3-2 (m³ /cap•a), [ATV (1986), p. 3]. 
However, the number of DWWTPs and the solid content (∼2%) of decentralized sys-
tems is low but the volume can be estimated as large as the volume of septic tanks, 
[ATV (1986), p. 3]. In future, the number of DWWTPs will continue to grow.  
 
3.1.4 Sludge composition  
 It is commonly known that sewage sludge from different sources can demon-
strate large diversities in its physical, chemical and biological characteristics. Usually, 
sludge characteristics in their speciality vary depending on the country, part of the city 
and even time of the year. [HALL, J. E. et al. (1992), p. 3-17] In order to treat and dis-
pose of the sewage sludge which is produced in WWTPs, the facility designer requires 
information about certain properties of the sludge, [L'HERMITE, P. (1991), p. 15]. As 
mentioned in the book, “(...) Physical parameters give general information on sludge 
processability and handlability. Chemical parameters are relevant to the presence of 
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nutrients and toxics/dangerous compounds, so they become necessary in the case of 
utilization in agriculture. Biological parameters give information on microbial activity and 
organic matter/pathogen presence, thus allowing the safety of use to be evaluated.” 
[TYAGI, R. D. (2009), p. 6-7] At present, there is an increasing objection against the 
reusing of sludge in agriculture, due to the high concentration of heavy metals and or-
ganic substances which pose risk for contamination, [L'HERMITE, P. (1991), p. 34-35]. 
Therefore, characterisation tests are crucial and the availability of laboratory or analytic 
equipment to analyse them is equally important, [L'HERMITE, P. (1991), p. 14-44]. In 
terms of re-use or disposal of sewage sludge, the composition plays a significant role. 
As to that, sludge status, hygienic aspects, water content, ratio between organic and 
inorganic matters, putrescibility, dewaterability, and the content of nutrients and pollut-
ants have to mentioned particularly [KÜHN, V. (2008), p. 14]  
 
3.1.4.1 Physical characteristics 
3.1.4.1.1 Water content 
 The water content (WC) or moisture content of sewage sludge is the quantity of 
water contained in the material. In addition, the water content has an effect on volume 
and consistence of the sludge. [THOMÉ-KOZMIENSKY (1998), p. 116] According to 
the German standard (DIN 38414-2 (S 2) 1985-11), the water content can be ex-
pressed through the equation:  
   
      
  
      
  
  
              
 
    Mass of sludge  
     Mass of dry solids  
    Mass of water  
[THOMÉ-KOZMIENSKY (1998), p. 116] 
 
 The proportion of water in the sludge depends on the composition as well as on 
the size of the solid particles. Moreover, the WC enlarges with smaller sized solid parti-
cles and a higher content of organic dry substances. [THOMÉ-KOZMIENSKY (1998), 
p. 116] Depending on water content the consistence of sewage sludge changes as 
depicted in Table 3-8. In summary, Table 3-9 indicates typical European water content 
values for different sludge types. 
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Table 3-8: Composition of sewage sludge [ATV (1996a)] 
Water content Consistence 
> 85 % fluid and pumpable  
75 - 65 % generally semisolid, plastic, antifriction   
65 - 60 % crumbly solid, non-antifriction 
40 - 35 % dispersible, durable solid  
15 - 10 % dusty 
 
3.1.4.1.2 Dry residue  
 The determination of dry residue (DR) is also guided by the German standard 
DIN 38414-2 (S 2) 1985-11 under equal conditions and it can be calculated with the 
equations given below:  
 
   
     
  
      
   
  
              
 
           
[THOMÉ-KOZMIENSKY (1998), p. 116] 
 
3.1.4.1.3 Total solid content / Dry solids 
 Dry solids (TS) are     in kilogram and defined by DIN 38414-2 (S 2) 1985-11. 
Therefore, 100 ml of the composite sample have to be scaled in a ceramic bowl. The-
reafter, the sample has to be dried in an oven at a constant temperature of 105°C. The 
resulting dry solids in ratio to the initial weight produce the value of dry residues in 
mass-%. [TENNHARDT, L. (2004), p. 58] 
 
3.1.4.1.4 Dry substance  
 In practice, the dry substance (DS) describes the dry solid concentration in con-
trary to the dry solids (TS). For this reason, it is denoted in g per litre. [THOMÉ-
KOZMIENSKY (1998), p. 117] 
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3.1.4.1.5 Loss of ignition (volatile solids) / Ash content 
 Loss of ignition (DIN-EN 12879:2000) is used as a general term for the con-
tent of organic substances in sewage sludge and it rather refers to the dry substance, 
[THOMÉ-KOZMIENSKY (1998), p. 117]. For determining the total dry substance of 
sludge, water has to be evaporated. After the drying process and the determination of 
the dry residue, the sample has to be annealed for two hours in the oven at a tempera-
ture of at 550°C. The ratio between annealed mass and total solid content can be cal-
culated as a number of percentages of the total solids. [TENNHARDT, L. (2004), p. 58] 
The mineral solid content (inorganic matter) can be weighted as the annealing residue 
of the dry substance according to DIN-EN 12879:2000. This is defined as ash content. 
[THOMÉ-KOZMIENSKY (1998), p. 117] 
 The measured parameter (loss of ignition) can be used for the determination 
of the load of the digester and the biogas yield. Below, Table 3-9 illustrates values for 
the loss of ignition and ash content referring to typical sludge types in Europe. The rela-
tion between loss of ignition, ash content and total solid content is expressed in the 
following equation:  
                                                                                    
[THOMÉ-KOZMIENSKY (1998), p. 117] 
 
3.1.4.1.6 Heating value  
 The heating value is the total amount of usable heating energy produced by a 
complete combustion of one kilogram of fuel. Moreover, the heating value of sewage 
sludge depends on organic matter of dry substances inside the dry solids because only 
this organic fraction is accessible to the combustion process. Using the equation ac-
cording to BATEN, the heating value Hu can be determined approximately. [THOMÉ-
KOZMIENSKY (1998), p. 117-119] 
 
          
  
    
     
 
     Heating value (net caloric fraction)  
     Concentration related to loss of ignition  
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Table 3-9: Comparison of specifications of raw sludge, waste activated sludge and different an-
aerobically digested sludge types in Europe [DICHTL, N. (2011), p. 5] 
Sludge  
characteristics  
Raw 
sludge  
Waste 
activated 
sludge 
Digested 
sludge  
Digested 
sludge  
Badly digested  Well digested  
pH-Value [-] 5.5 – 6.5 6.5 – 7.5 6.5 – 7.0 7.2 – 7.5 
Total solids  
3 – 5 0.5 – 1.0 2.5 – 4.0 2.0 – 3.5 
[%] 
Loss of ignition  
60 – 75 55 - 80 > 55 45 – 55 
[%] 
Acid consumption 
  500 - 1000 1000 – 2500 3000 - 4500 
 [mg CaCO3/L] 
Org. acids 
  1800 - 3600 2500 - 4000   100 - 1000 
 [mg acetic acid/L] 
Spec. filter resistance 
[m/kg] 
10
13
 - 10
15
 10
13,5
 – 10
14,5
 10
13,5
 - 10
15
 10
12,5
 - 10
14
 
Heating value  
14.8– 18.7 14.8 – 20.9 > 14.8 10.4 – 14.8 
[MJ/kg TS] 
 
 As per particular given in Table 3-9, raw sludge, waste activated sludge and 
anaerobically digested sludge are compared in its major sludge specifications. Sewage 
sludge treatments such as digestion, stabilisation and wet oxidation or other biode-
gradable processes, significantly converts organic matters such as its C- and H-content 
“(...) into a mixture of methane, the major component of natural gas, and carbon diox-
ide”. [ONYECHE, T. I. (1999), p. 38-39] As a general result of the microbiological proc-
esses, the organic matter is reduced, which also decreases the heating value (Table 
3-9). 
 
3.1.4.1.7 Settleability  
 The settling properties are characterised by measurements of the SVI. The 
Sludge Volume Index (SVI) describes a property that indicates the volume settling in a 
suspension after 30 minutes. Typically, SVI is used to depict settling characteristics 
and settling behaviours of particles in suspensions. [TYAGI, R. D. (2009), p. 1-36]  
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3.1.4.1.8 Dewaterability  
 The dewaterability is a technical graduator which estimates the dewatering be-
haviours of a suspension. For the moment, exact definitions could not be found11, 
[KOPP, J. (2009), p. 4]. Moreover, the organic matters of dry substances have a sub-
stantial influence on dewatering behaviour. In the second step of WWT, colloids are 
produced. These microorganism cells enclose water molecules and cause a limitation 
of the technical dewatering processes. [THOMÉ-KOZMIENSKY (1998), p. 117-119] 
Therefore, anaerobic digestion (stabilization) of raw sludge changes the particle size 
distribution which can affect the dewatering process. The interaction between digestion 
and the physical characteristics of the sludge leads to a reduction of the floc size in 
anaerobically digested sludge. [TYAGI, R. D. (2009), p. 1-36] 
 
3.1.4.1.9 Particle size distribution  
 This parameter plays a major role in the choosing of aggregates to dewater 
sludge. Generally, raw sludge contains of large amounts of huge and small particles. In 
contrast, the particle size distribution of well anaerobically digested sludge is more ho-
mogeneous. [THOMÉ-KOZMIENSKY (1998), p. 117-119] The particle size can be 
changed by stabilization processes as explained in 5.2.3. 
 
3.1.4.1.10 Density 
 The density of sludge can be assumed to be approximately 1 kg/m³ because of 
the high water content. For exact determinations of the specific sludge the equation 
below can help to calculate its correct density.  
 
 
  
      
                
     
  
  
 
 
 
    water content  
    water density  
     dry solid density (∼2 -2.5 kg/m³) 
[THOMÉ-KOZMIENSKY (1998), p. 120] 
 
 
                                       
11
 „Begriffe wie Entwässerungsverhalten, Entwässerungseigenschaft und Entwässerbarkeit haben in der Sprache der 
Abwassertechnik einen festen Platz, eine scharfe Begriffsdefinition liegt jedoch nicht vor“, [KOPP, J. (2009), p. 4]. 
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In the following, the density for dried sludge are outlined: 
 
 Bulk density    (DIN EN 1236:1995):  0.37 – 0.86 Mg/m³ 
 Bulk density (tapped)  (DIN EN 1237:1995):  0.45 – 0.99 Mg/m³ 
 
[KÜHN, V. (2008), p. 17] 
 
 In the following, other parameters are listed - filter velocity, specific filter re-
sistance, compressibility, centrifugal behavior, sludge viscosity, rheology and 
strength. In the present paper, they cannot be elaborated in detail, but show the com-
plexity of the physical properties of sludge. [THOMÉ-KOZMIENSKY (1998), p. 120-
122] 
 
3.1.4.2 Chemical characteristics 
3.1.4.2.1 pH value 
 Normally, sewage sludge is arranged around the neutral pH value area, 
[THOMÉ-KOZMIENSKY (1998), p. 123]. For municipal sewage sludge, the pH value 
indicates its state of digestion and is an important indicator for the operation safety in 
anaerobic biological treatment plants, [KÜHN V. (2008), p. 20]. According to DIN 38 
404-5 (1984), the pH value can be determined, [TENNHARDT, L. (2004), p. 57]. 
 
3.1.4.2.2 Nutrients 
 Sewage sludge has good prerequisites to be re-used in agriculture. Stabilised 
and hygienically harmless sludge can be characterised as a soil conditioner due to its 
humus content. However, sewage sludge should not be utilized in an unlimited and 
unregulated way in agriculture. The German ordinance of waste sludge (AbfKlärV) 
regulates the utilization of sewage sludge on agricultural and horticultural used soils. 
[THOMÉ-KOZMIENSKY (1998), p. 123] Outstanding nutrients in sewage sludge are 
nitrogen, phosphorous, potassium, magnesium and calcium, [KÜHN, V. (2008), p. 21].  
Table 3-10 lists a number of regular nutrient values for more than 6000 sludge samples 
in Germany.  
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Table 3-10: Nutrients in sewage sludge in Germany [THOMÉ-KOZMIENSKY (1998), p. 123] 
Nutrients  Average Values [g/kg (TS)] 
N 38.4 
P2O5 36.5 
K2O 4.2 
MgO 9.7 
CaO 73.7 
 
 
 Sewage sludge exhibits a quantitative meaningful content of nitrogen and phos-
phorous (Table 3-10). In contrast, the potassium concentration in form of K2O is low. 
Therefore, sewage sludge cannot be used by itself or without mineral addition of other 
fertilizers. [THOMÉ-KOZMIENSKY (1998), p. 123] Sewage sludge is categorized as a 
good phosphorous conditioner. Phosphorous is known as a very restricted natural nu-
trient resource worldwide. [ATV (1996b), p. 11] Taking into consideration the nutrients 
resource, sewage sludge becomes more and more attractive for agricultural use and as 
a biosolid, [EPSTEIN, E. (2002), p. 23-24].  
 
3.1.4.2.3 Pollutants  
 Pollutants are created in natural way (natural pollutants) or they occur due to 
the human production influence (synthetic pollutants). All of them can already pose a 
risk in a very low concentration. During the contact, intake or input into the media, they 
can damage organism or the environment. [THOMÉ-KOZMIENSKY (1998), p. 124] In 
sewage sludge all kinds of pollutants can be found. They can be divided into the 
groups of organic and inorganic pollutants, [MfUN NRW (2004), p. 138-141]. In the last 
years, pollutants in sewage sludge have been discussed detailed. Examples for pollut-
ant groups are: heavy metals, adsorbable organic halogen compounds (AOX), aromat-
ic hydrocarbons, chlorobenzene, chlorinated hydrocarbons, chlorinated pesticides, 
chlorinated phenols, extractable organic halogens (EOX), hydrocarbons, musk com-
pounds, polybromated diphenylether, organotin compounds, oestrogenics, phenols, 
polycyclic aromatic hydrocarbons (PAH), polychlorinated biphenyls (PCB), polychlori-
nated dibenzodioxin and –furan (PCDD/F), phthalates, tensides and linear alkylben-
zene sulphonates. [MfUN NRW (2004), p. 4-5]  
 This present paper can only focus on a few of the pollutants in the sewage 
sludge and gives advice about dangers, the source pollutants and preventive measures 
related to the agricultural application of sewage sludge.  
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3.1.4.2.3.1 Heavy metals 
 Heavy metals are registered as metals with a density range from 3.5 to 5 g/cm³. 
Sewage sludge contains trace organics (micro-pollutants) like iron, nickel, molybde-
num, selenium and wolfram which can be essential for micro-bacterial processes in low 
dose rates. [THOMÉ-KOZMIENSKY (1998), p. 124] The trace organics have to be dis-
solved and have to be biologically available, [KÜHN, V. (2008), p. 21].  
 Some of the compounds are resistant in nature. In the food chain, they appear 
to be a potential environmental risk and decrease food quality as well. In order to pre-
vent health risks, standards should regulate the handling in sludge treatment, re-use 
and disposal (e.g. composting, digestion, waste incineration, agricultural application 
and landfill). [THOMÉ-KOZMIENSKY (1998), p. 124-125]  
 The intensity of toxicity varies depending on the concentration, the elements 
and the acceptors. During agricultural re-use and disposal, sewage sludge contacts the 
soil. A transfer from one medium to the other cannot be eliminated. As a consequence, 
heavy metal concentration accumulates in the food chain and eventually also in the 
human body. [THOMÉ-KOZMIENSKY (1998), p. 124-125] In Vietnam, standards (limits 
of heavy metals) for the utilization of sludge in agriculture should be obligatory to pre-
vent toxic reactions and health damages.  
Path I – landscape measures or agricultural use: Heavy metal  sewage sludge  
soil/ground water  plant  animal  human. 
Path II - landfill: Heavy metal  sewage sludge  landfill  leachate soil/ground 
water  plant  animal  human.  
[THOMÉ-KOZMIENSKY (1998), p. 124-125] 
 Heavy metals which have been transferred from soil to plants can result in a 
loss of growth, decrease of harvest or quality defects. [KÜHN, V. (2008), p. 22] Minimal 
concentration of mercury, cadmium and lead in human or animal bodies induce health 
damages. Heavy metals have their main source in commercial and industrial activities, 
for instance in leather, pickling, textile, galvanic, pigment, battery, accumulator, print, 
ceramic, chemical and pharmaceutical industries. But also smaller sources can cause 
an immense heavy metal input. [THOMÉ-KOZMIENSKY (1998), p. 125] In Germany, 
the indirect dischargers have to exceed effluent standards of ATV-A 115. Due to the 
implementation, the heavy metal concentration has been reduced in the last years. 
[KÜHN, V. (2008), p. 22]  
 The Vietnamese equivalent is the “Technical Standard (TCVN)” or “National 
Technical Regulation (QCVN)” which has registered the allowable concentrations of 
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pollutants in the tables of TCVN 5942, 1995 (chapter 2.4.1) and QCVN 08: 
2008/BTNMT (chapter 2.4.2). [KLINGEL (2001), p. 4-10] 
 Before sewage sludge can be utilized as fertilizer, soil conditioner or for land-
scape measures in Germany, it has to be controlled according to the German ordi-
nance of waste sludge (AbfKlärV). Thereby, allowable heavy metal concentration has 
to fall below in all parameters (Table 3-11). With stronger environmental efforts, the 
ordinance will become stricter in the future. [THOMÉ-KOZMIENSKY (1998), p. 125] 
 
Table 3-11: Allowable heavy metal concentration limits for agricultural re-use in Germany/ Europe 
[THOMÉ-KOZMIENSKY (1998), p. 126] 
Parameter 
Average sludge concentration [mg/kg TS] 
Germany EG guideline 
  1982 1992 86/278/EWG 
Cd 20 10 20 – 40 
Hg 25 8 16 – 25 
Cu 1200 800 1000 – 1750 
Zn 3000 2500 2500 – 4000 
Pb 1200 900 750 – 1200 
Ni 200 200 300 – 400 
Cr 1200 900 1000 - 1500
12
 
 
3.1.4.2.3.2 Organic pollutants 
 Determination and allowable concentration of organic pollutants have been 
regulated by the German ordinance of waste sludge (AbfKlärV). Sewage sludge that 
should be used in agriculture has to meet the limits of its standards of the ordinance. In 
Table 3-12, the allowable organic pollutant concentrations have been summarized. 
[THOMÉ-KOZMIENSKY (1998), p. 128] 
 
 Polychlorinated dibenzodioxin and dibenzofuran (PCDD/PCDF) are used as 
collective name for a pollutant group which consists of 210 different chemical com-
pounds altogether. The properties of the several chemical compounds vary in their en-
vironmental interactions. Seven chemical compounds of PCDD and ten of PCDF are 
immensely toxic. Their matters are expressed in one term – toxic equivalents (TE). The 
calculation of TE requires the determination of each chemical compound of these 17 
                                       
12 Planned. 
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toxic PCDD/F in ng/kg MTS. Subsequently, they have to be multiplied with their individ-
ual “SEVESO”-poison factor. The result of this calculation presents the total toxicity 
equivalent for the 17 toxic PCDD/Fs. In the 1980s, the dioxin concentrations of waste-
water and waste sludge have fractionally reached high values in different German 
counties. On average, the concentration amounted up to 220 ng TE/kg MTS (Table 
3-12). Afterwards, several researches on PCDD/F concentration (e.g. by ATV and 
BMU) were conducted and delivered results showing lower concentration rates. Follow-
ing this, the allowable limit was fixed to 100 ng TE/kg MTS (Table 3-12). [THOMÉ-
KOZMIENSKY (1998), p. 128] 
 
 Polychlorinated biphenyls (PCB) are chlorinated hydrocarbons which are 
produced during the chlorination of biphenyl in presence of an ironchlorid-catalyzer. 
Due to their high electrical resistance, they can be applied in isolation, hydraulic and 
cooling fluids. PCBs are listed as biologically resistant substances. Six of 209 PCB 
compounds – PCB 28, 52, 101, 138, 153 and 180 – are consulted for analysing the 
PCB contamination. Former sewage sludge analysis showed high PCB contamination 
in sewage sludge and soil. On multiple sludge fertilized agricultural lands, higher and 
extreme values were analysed. Worldwide, the production and application of PCB has 
been limited or forbidden. Affected by this, the concentration was significantly reduced. 
Table 3-12 below demonstrates PCB values and the established allowable limits. 
[THOMÉ-KOZMIENSKY (1998), p. 128-129] 
 
 Adsorbable organic halogen compounds, the abbreviation AOX stands for 
adsorbable organic halogens. “X” is the variable that can be transformed with elements 
of the seventh main group of the periodic table – fluorine, chlorine, bromine, iodine and 
astatine. The legislative body classified AOXs as hazardous substances because of 
their tough biodegradability, biological resistance, ecotoxicological character, toxic ef-
fect, bioaccumulation and their nearly exclusive anthropogenic source. AOXs are regu-
lated by the German ordinance of waste sludge (AbfKlärV) as summation parameters, 
the allowable concentration is located at 500 mg AOX/kg TS (Table 3-12). AOXs derive 
from industrial and commercial wastewater, municipal or domestic wastewater, precipi-
tation as well as run off. To prevent wastewater and waste in their quality and quantity, 
all endeavors have to be made at the sources (indirect dischargers). In general, the 
AOX concentration in sewage sludge tends to decrease in Germany. [THOMÉ-
KOZMIENSKY (1998), p. 129]  
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 Polycyclic aromatic hydrocarbons (PAH) indicate the chemical range which 
consists of minimal two condensed benzene rings, including only C and H atoms in its 
molecule. Furthermore, PAH are categorized as hazardous substances based on their 
tough biological degradability and resistance. PAH are taken up by plants in different 
ways. In consideration of PAH soil accumulation, a certain risk for human health cannot 
be eliminated. [THOMÉ-KOZMIENSKY (1998), p. 130] 
 
 Detailed information about endocrine disruptors can be found in research 
reports published by the University of Technology Dresden.13 A low-rate exposure to 
endocrine disrupting substances can effect a hormonal change in organisms. [TENN-
HARDT, L. (2004), p. 5-7] Another suggestion for further literatures is [Drescher-
Kaden, U. (1995)] and [MfUN NRW (2004), Part D or E] 
 
Table 3-12: Average organic pollutants concentration, standards in Germany (AbfKlärV) [THOMÉ-
KOZMIENSKY (1998), p. 128] 
Parame-
ter 
Value 
Allowable 
concentra-
tion AbfKlärV 
1992 
Ham-
burg  
Branden-
burg  
Schleswig-
Holstein  
Niedersach-
sen  
 di-
gested 
sludge 
(1996) 
sewage 
sludge 
(1996) 
 sewage 
sludge 
(1996) 
 sewage sludge 
(1996)  
AOX mg/kg TS 500 177 202.5 148.14 193.19 
PCB 28 mg/kg TS 0.2 0.1 0.039 0.010 0.003 
PCB 51 mg/kg TS 0.2 < 0.01 0.039 0.007 0.003 
PCB 101 mg/kg TS 0.2 0.01 0.039 0.009 0.011 
PCB 138 mg/kg TS 0.2 0.02 0.041 0.017 0.023 
PCB 153 mg/kg TS 0.2 0.02 0.042 0.017 0.023 
PCB 180 mg/kg TS 0.2 0.02 0.041 0.011 0.011 
PCDD/F ng TE/kg TS 100 15.6 23.88 9.33 11.99 
 
 
 Municipal wastewater treatment and agricultural re-use of sludge contribute 
considerably to the contamination of water and soil. Sustainable sludge management 
should aim at a reduction of the emission of pollutants to a minimum. 
 
                                       
13
 [BILITEWSKI, B. (2002), (2004), (2005)], [TENNHARDT, L. (2004)] 
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3.1.4.3 Biological characteristics 
 Wastewater treatment uses several bacterial colonies and fungi for water clean-
ing processes. In sewage sludge, hundreds of organism species are concentrated. 
[THOMÉ-KOZMIENSKY (1998), p. 130-131] 
 
3.1.4.3.1 Pathogens  
 Primary sludge or raw sludge can contain pathogenic organisms, eggs of para-
sites and viruses etc. that originate from animal and human excreta. Therefore, the 
handling of sludge has to be classified critical due to its epidemic properties. [KÜHN, V. 
(2008), p. 26] Additionally, much attention should be focused on the transmission of 
animal diseases through sewage sludge re-use, with a view to epidemics like BSE, foot 
and mouth disease and bird flu. Experts attach little value to the risk that prions (pro-
teinaceous infectious particles) in “(...) sewage sludge can attain due to the soil path 
into plants or water.” [FRICKE, K. et al. (2001), p. 55]  
 Biological mechanic treatment should be applied to eliminate pathogenic organ-
isms. A hygienic treatment is necessary due to fact that exposures towards humans 
and animals are possible. Evidently, it is quite save that a reduction of pathogens can 
be guaranteed through mesophilic or thermophilic digestion or well-operated compost-
ing. Otherwise, an extra disinfection step is required.  [THOMÉ-KOZMIENSKY (1998), 
p. 131]  
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4 MUNICIPAL WASTEWATER TREATMENT 
PLANTS 
4.1 DEWATS  
 DEWATS – Decentralized wastewater treatment systems were developed by a 
network of organisations and experts, whereby several different options of comprehen-
sive wastewater management, improved sanitation strategies and socio-economic as-
pects were taken into consideration. [ULRICH, A. .et al. (2009), p. 13-34] Decentralized 
wastewater treatment is defined by [POGADE, F. (2010), p. 2] as “a concept to provide 
sanitation solutions in areas not yet connected to centralized waste water treatment 
plants, or areas that do not allow a connection to centralized treatment plants, (…) this 
is the crucial point - where waste water is treated at or near the point of generation.”  
Management options 
- examples and challenges 
Simplified Community 
Sewerage
Community Sanitation 
Centre
Shared Septic Tank
 
Figure 4-1: DEWATS concept [HAUCKE, J. (2010), p. 11] 
 
 In many cases, decentralized facilities are “No-sewer-treatment plants” due to 
the fact that a decentralized system does not need a conventional sewer system, but it 
requires feeding pipes (Figure 4-1). The systems can be allied for different areas, rang-
ing from rural and from peri-urban to urban areas. [GTZ (2010), p. 9] In Figure 4-1, the 
typical application of decentralized systems in practice on a communal or provincial 
level is shown. The rather negative evaluation to follow is mentioned in the report of 
[POGADE, F. (2011), p. 4] “Probably hundreds of DWWT plants have been constructed 
all over Vietnam so far. However, information and experiences have rarely been pub-
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lished, the potential of learning from these lessons has rarely been tapped. Many ex-
perts believe that the vast majority of the plants is not operational any more, or has 
never been.” The scheme in Figure 4-2 demonstrates an alternative which could be an 
appropriate solution for Vietnam. The idea behind the structured arrangement is to 
combine centralized and decentralized approach. This solution, as simplified in Figure 
4-2, provides safe wastewater management in all areas (center, suburbs and outskirts). 
[POGADE, F. (2010), s. 19-25] 
Combination of centralized and decentralized System
Serving the city centre and outskirts
Alternative for
Vietnam
 
Figure 4-2: Combined system – example Vietnam [POGADE, F. (2010), s. 19-25] 
 
 “The Wastewater and Solid Waste Management Project“, in cooperation with 
the MoC is currently preparing a joint approach to develop decentralized wastewater 
treatment in Vietnam‟s urban areas. This decentralized approach will be a supplemen-
tation to centralized treatment activities. Centralized solutions are of the highest impor-
tance and relevance to the cities in Vietnam, but also decentralized solutions are fea-
turing specific advantages. [POGADE, F. (2010), p. 2] 
 
4.2 WASTE WATER MANAGEMENT PROGRAM 
 “Wastewater and Solid Waste Management in Provincial Centers” is a program 
sponsored by the German Government. The main purpose of WMP is to develop en-
hanced wastewater management. The service is provided in six provincial urban cities 
in Vietnam (Figure 4-3). The environmental conditions, namely water quality including 
drainage, channels and rivers should be enhanced and seasonal inundations should be 
reduced. [GTZ (2010), p. 1] The project encloses two main modules:  
 “Financial Cooperation (FC), jointly financed by the German Development Bank 
(KfW) and the Government of Vietnam (GoV), and  
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 Technical Cooperation (TC), implemented by the German Technical Cooperation 
Agency (GTZ) and the German Development Service (DED), in close cooperation with 
the Ministry of Construction (MoC).” [GTZ (2010), p. 1 ] 
 The first module (FC) concentrates on better conditions like new infrastructure 
for treatment of wastewater and solid waste. The other module (TC) currently zooms 
into the two outlined fields:  
 “TC Component 1: Capacity Development for the MOC, and 
 TC Component 2: Capacity Development for Wastewater Management, also re-
ferred to as the WWM project” [GTZ (2010), p. 1 ] 
 Today, TC Component 2 (WWM), concentrates on operating capacity building 
services at local governments and public wastewater companies in six provincial urban 
centers in Vietnam, including the cities of Bac Ninh, Hai Duong, Vinh, Can Tho, Soc 
Trang and Tra Vinh. (Figure 4-3)  
 Furthermore, the design of pilot plants and “(…) raising of awareness among 
decision makers on decentralized wastewater treatment (DWWT) approaches for urban 
or semi-urban areas in the outskirts of cities that are not served by centralized waste-
water collection and treatment systems is a major focus of the component.” [GTZ 
(2010), p. 1] 
Bac Ninh
Hai Duong
Vinh
Can Tho
Soc Trang Tra Vinh
Son La
Hoa Binh
Lang Son
 
Figure 4-3: Project facilities in Vietnam [INWENT (2010), p. 118] 
 
 Additionally, a few new provincial cities (Hoa Binh, Som La, Lang Son) have 
accepted to be supported for the WWP. [GIZ (2010), p. 1] 
MUNICIPAL WASTEWATER TREATMENT PLANTS 
50 
4.2.1 Results of sludge analysis 
 During the production phase of this paper, different analysis have been carried 
out: centralized systems, decentralized systems, sewer systems and septic tanks, to 
present a general survey of sludge types in Vietnam. Moreover, other projects or pro-
grams could provide sludge samples of surface water sludge (Lake Hoan Kiem) and 
industrial sludge (Can Tho). The purpose of the sampling and analysis is to elaborate 
the composition of several delivered raw matters in the sludge treatment facility. There-
fore, Table 4-1 outlines a wide range of sludge from centralized systems, decentralized 
systems, sewer systems, septic tanks, lake and industrial sludge. The centralized 
sludge (Table 4-1) was sampled in a three-years processing anaerobic wastewater 
treatment plant in Da Nang City. The treatment capacity of this plant is 40‟000 m³ per 
day (anaerobic ponds) and it is located in a suburban area. The DEWATS in the com-
mune Kieu Ky, Gia Lam district, was the major research area for this analysis. The Gia 
Lam district is an urban area which belongs to Hanoi City and has around 230‟000 in-
habitants. The decentralized wastewater treatment plant was reviewed many times in 
different seasons. Parallel to the sludge sampling, water quality samples have been 
elaborated. The DWWTP is designed to process 40 m³ per day. In the catchment area 
of this facility, the other sludge was sampled from the sewer system and the septic 
tank. In Vietnam, it is very difficult to find a septic tank with a manhole. As a general 
rule, the tanks are positioned under the basement of the building, in the kitchen or in 
the courtyard. In order to get samples, the concrete has to be broken open to get ac-
cess to the system. All sludge samples have been assayed by using a sludge pipe. To 
guarantee the homogeneity of the sample, the pipe volume was stored in a bucket and 
mixed with blunger. Composite sample have been taken while the mixtures were 
reaching the homogeny status. The samples were analyzed by different laboratories, in 
Hanoi and in Dresden (Figure 4-4). The chart below compares the TS of the same 
samples. The only reason for such a high fluctuating TS is an insufficient mixture or the 
use of “different” analysis methods to determine the total solid content at the laboratory 
in Hanoi.  
 
Figure 4-4: Comparison of the analysis results (TS) 
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Table 4-1: Overview of sludge types in Vietnam  
Characteristic Value 
Centralized 
system 
(anaerobic 
ponds in 
Da Nang) 
Decentralized 
system 
(anaerobic 
baffled reac-
tor in Kieu 
Ky) 
Septic 
tank  
(Kieu 
Ky)  
Sewer 
(Sewer 
system 
Kieu 
Ky) 
Surface 
water 
(Lake 
Hoan 
Kiem) 
Industrial area 
(industrial area, 
Can Tho, Export 
companies for 
food and drinks) 
              seafood brewery 
pH-Value  [-] 7.76 7.51 7.21 6.64 7.5 7.4 8.0 
Water Content [%] 97.66 97.82 99.29 86.12 95 99.55 99.53 
Total Solid 
Content (TS) 
[%] 2.34 2.18 0.71 13.88 5 0.45 0.47 
Loss of ignition  [%]TS 28.19 13.47 67.63 21.69 13.5 - - 
Ash content  [%]TS 71.81 86.53 32.37 78.31 86.5 - - 
Heating Value [KJ/kgTS] 5'574 5'028 22'274 4'801 - - - 
Nutrients                 
Total Nitrogen [%]TS 1.51 1.04 5.48 0.71 0.7 7.59 4.64 
Total Phos-
phorous 
[%]TS 0.57 0.61 0.88 0.5 1.5 1.89 1.21 
Total org. 
carbon (TOC) 
[%]TS 8.14 0.059 19.52 14.1 6.5 7.59 12.25 
Total inorg. 
Carbon (TIC) 
[%]TS 0.160 1.10 0.16 1.18 - - - 
Ammonium 
(extracted 
through water) 
[%]W 0.052 0.043 0.118 0.069 - - - 
Nitrate (ex-
tracted through 
water) 
[%]W < 0.01 < 0.01 <0.01 <0.01 - - - 
Potassium (K) [mg/kg] 3076.92 2556.8 952.38 2128.44 - - - 
Magnesium 
(Mg) 
[mg/kg] 1934.52 5239.2 2382.66 4759.33 6674 - - 
Heavy metals                
Lead (Pb) [mg/kg] 114.84 101.78 20.15 71.12 182 - - 
Cadmium (Cd) [mg/kg] 3.87 1.75 5.51 1.51 b.d.l. - - 
Chromium (Cr) [mg/kg] 144.43 54.75 18.71 40.81 111 - - 
Copper (Cu) [mg/kg] 260.00 110.69 410.69 146.85 145 - - 
Nickel (Ni) [mg/kg] 114.93 63.57 34.07 48.33 42 - - 
Mercury (Hg) [mg/kg] 1.430 0.18 0.159 0.738 3.78 - - 
Zinc (Zn) [mg/kg] 3289.47 792.85 2600.35 644.63 521 - - 
Organic 
pollutants  
               
AOX [mg/kg] 78.6 102.3 80.6 178.7 - - - 
PCB [mg/kg] < 0.005 <0.005 <0.005 <0.005 - - - 
PAH [mg/kg] < 0.005 <0.005 <0.005 <0.005 - - - 
 
Sources: WC, TS ,LoI, AC, HO - [TUD - IAA Pirna, Prof. Bilitewski]; pH, nutrients, heavy metals - [VAST- Depart-
ment of Analytical Chemistry, Prof. Duc Loi]; organic pollutants - [VAST- Department of Environmental Toxic 
Analysis, Dr. Nguyen Quang Trung]; lake Hoan Kiem [LORBEER, H. et al (2009)]; industrial area - [FELDHAUS, 
H. (2011)] 
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 Normally the pH-value of the samples varies between 7 and 8. Only the sludge 
from sewer systems undergoes 7. Due to the long retention time of sludge in natural 
slope designed sewers, biodegradation processes (hydrolysis) have been started and 
reduced the pH-value. The water content ranges from approximately 99.5 to 95 %. 
The sewer system presents a low water content (86.12%) because of sedimentation 
residues which have settled in the sewer. The total solid content is the equivalent 
value to the water content. The TS content varies from 0.5 to 5 % and is equal to Euro-
pean sludge values (Table 3-9). Returned sludge from the industrial companies is very 
low concentrated. The loss of ignition (volatile solids content) indicates the organic 
part of the solid content. Mostly unstabilized sewage sludge in Europe contains 60 to 
75 % in the dry weight basis (Table 3-9). The results of VAST (Hanoi) and IAA (Dres-
den) are presented in the chart (Figure 4-5). Moreover, the diversity of the detected 
values is shown in Figure 4-4. High differences between the analytic results of the loss 
of ignition are found. The reason for this is that the laboratory “Hanoi” have been ap-
plied “other” (wrong) analytical methods. In general, the results show a low content of 
organic dry matter. On average 21.12 % volatile solids content for sewage sludge in 
Vietnam falls far below the European value (Table 3-9). Only the septage with 67.63 % 
volatile solids content corresponds with conventional values in Europe.  
 
Figure 4-5: Comparison of the analysis results (LoI) 
 
 Reasons for the low dry organic content can be biodegradation due to other 
climatic conditions and long retention time of sludge or wastewater in the sewer sys-
tems. Furthermore, the different hygienic habits (usage of toilet tissue) and waste col-
lection on the street plays an important role. A large amount of inorganic matter during 
street cleaning or lacking street cleaning can be washed into the sewers and this can 
cause a change of the ratio between organic and inorganic matter of the solid content. 
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The utilization of septic tanks reduces through its accumulation of solids the organic 
matter in sewer system.  
 The ash content is three-times higher than typical values of European coun-
tries (Table 3-9). This parameter is the inorganic matter of the total solid content and is 
the equivalent value to loss of ignition.  
 With about 5'000 kJ per kgTS the Heating value is four times lower than the 
general values of raw sludge in Europe. Smaller values of loss of ignition are registered 
and lead to a lower energy content of Vietnam‟s raw sludge. The septic tanks sludge 
has confirmed expected heating values (22'274 kJ per kgTS). In this case, wastewater 
input is estimated to be composed of differently. It may be possible that food residues 
are discharged of in the septic tanks. 
 All sludge types have a high concentration of nutrients. The sludge shows val-
uable agronomic properties for Nitrogen, Phosphorous, Potassium and Magnesium. 
In particular, the food industry producers have a remarkable content of nutrients.  
 In all samples, Heavy metals could be observed and in two particular cases the 
specific metal limit according to the German ordinance of waste sludge is exceeded 
(Table 3-11). The centralized sludge and the septage exceed the allowable Zinc limit of 
2500 mg/kg TS (German ordinance of waste sludge - AbfKlärV). An agricultural appli-
cation therefore is forbidden in these cases. In particular, Cadmium is an important 
indicator and all concentration values do not exceed the German limits. The septic 
tanks value (normal household) demonstrates the highest concentration of Cd-value. 
The Mercury concentrations confirm the accumulation rule of metals from smaller up to 
large-scale approach. For all analyzed samples, Chrome, Copper, Lead and Nickel 
do not exceed the allowable limits of the German ordinance of waste sludge. 
 The analysis of organic pollutants was limited to the determination of the PCB, 
PAH and AOX. Other organics in the sludge could not be detected in Vietnam. The 
peak of the results with 178.7 mg AOX per kg TS was found in Kieu Ky‟s sewer system 
and the centralized sludge presents the lowest result (78.6 mg AOX/kg TS). None of 
the values exceeded the limits of the German ordinance of waste sludge - 500 mg/kg 
AOX (AbfKlärV). PCB’s and PAH’s have been determined and for all sludge samples 
the concentration of 0.005 mg per kg TS is not exceeded.  
 All in all, the analysis involved a quantity of 8 wastewater samples and 4 
sludge samples. The total costs for the entire analysis are VND 32'000'000 (€ 1070), 
exempted analysis costs in Germany (Dresden University of Technology) and other 
additional costs. 
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4.3 LEARNED OUTCOMES 
For wastewater treatment plants:  
 Rising drinking water consumption / increase of wastewater production,  
 Lack of wastewater sewerage and low house connection rate, 
 Limitation of wastewater treatment facilities and capacity, 
 Wastewater proceedings are very limited (less than 10%), untreated wastewa-
ters are directly discharged (operation and maintenance problems (financial 
problem)), 
 Environmental impacts and further problems (pollution, contamination, health 
risks), 
 Construction of new wastewater facilities / low construction quality, 
 
For the legal and institutional framework: 
 Institutional problems (state-owned companies, annual and non-performance 
related budget, ineffective wastewater fees at public level), 
 Problems of implementation processes at local and communal levels, 
 Low environmental awareness and environmental law statute (small penalties / 
fines, low pressure by enforcing authorities) “polluter pays” principle needs to 
be enforced,  
 Responsibilities are overburdened (quantity/quality of staff, low salary, low mo-
tivation), 
 
For urban sludge management:  
 Sludge amount increases / lack of sludge treatment plants (only 4% treated),  
 Sludge is not considered in a adequate way in wastewater treatment processes,  
 Capacity of sludge treatment and disposal are insufficiently developed, 
 Legislations and decisions do not regulate the urban sludge management en-
tirely 
 Untreated sludge is dumped illegally (sea, river, lakes, fishponds, channel, land-
fills), 
 Private septic tanks are not regularly constructed, operated and maintained, 
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 Septic tank constructions refuse the access, emptying as well as efficient op-
eration,  
 Septic tanks offer special on-site conditions (city infrastructure, manhole defi-
cits), 
 Missing researches and analysis of sludge at all levels, 
 Lack of sludge statistics (place of generation, amount, composition, treatment), 
 Public and political awareness is inadequate, 
 Sludge composition is different compared to European sludge, 
 Need of fertilizers (price increase, production deficit), 
 Unprofitable composting site/ deficient of waste incineration plants/ boom of 
biogas,  
 Landfill capacity and land resource is limited,  
 Low financial budgets, but urban sludge management solutions are required. 
  
SLUDGE TREATMENT AND DISPOSAL OPTIONS 
56 
5 SLUDGE TREATMENT AND DISPOSAL OP-
TIONS 
5.1 GOALS OF SLUDGE TREATMENT  
 In the previous chapters (2 and 3), the legal situation in Vietnam and the sludge 
information background (types, total amount, volume, characteristics, etc.) are ex-
plained. Based on this information, an integrated sewage sludge treatment and dispos-
al concepts will be designed and formulated.  
 The main long-term objective of sludge treatment and disposal is to handle the 
residues of the wastewater treatment without significant impact on the environment. 
Therefore, sludge can be stored temporarily, treated, processed and afterwards re-
used for landscape measures or in agriculture or at least disposed of without negative 
impacts on the environment (as shown in Figure 5-1). Dewatering / drying characteris-
tics or processes have to be considered because of the prime importance to reduce the 
total volume. [KÜHN, V. (2008), p. 29-30]  
 
 
Figure 5-1: Survey of processes of a complete sludge treatment [DICHTL, N. (2011), p. 7] 
 
 All in all, the following key points illustrate the importance of a proper sewage 
sludge treatment:  
Sludge production: primary, secondary, tertiaryReturn loads
Thickening
Disinfection
Stabilization
Dewatering
Drying
Incineration
Agriculture
Landfill
Digester gas
Atmosphere
System boundary
Energy
Energy reuse
Thickening, storage
Waste water treatment
Nutrient recycling
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 Volume reduction via minimization of water and solid content - necessary for 
treatment, storage, transport, re-use and disposal; 
 Organic matter reduction by aerobic or anaerobic stabilization - can economi-
cally minimize and prevent any odorous impact on the public (extra: improve-
ment of dewaterability); 
 Epidemiological pathogens have to be decreased to the least possible extent 
(sewage sludge can never be considered as sterile); 
 Stabilized sludge, a humus- and nutrient-rich matter, can be utilized as biosolid 
in agriculture and for landscape measures;  
 Prevention of emission greenhouse gases, usage of the produced biogas to re-
cover energy for the process chain.  
[KÜHN, V. (2008), p. 30]  
 
 Sludge management has to take into account technical, logistical, economical, 
and environmental, but also legal, social and political aspects, as detailed shown in 
Figure 5-2, [THOMÉ-KOZMIENSKY (1998), p. 139]. 
 
Figure 5-2: Framework for sludge management [BALTRUSCH, A. (2000), p. 3] 
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5.2 PROCESSING ELEMENTS  
 It is not permitted to directly re-use or dispose of untreated sludge, such as raw 
sludge, because of its water content, epidemiological risk and smell. Therefore, sludge 
requires primary treatment. Below, the necessary and available processing elements 
are presented in brief. [THOMÉ-KOZMIENSKY (1998), p. 141-142] 
 Pre-treatment elements (on-site)  
 Transportation 
 Stabilization  
 Disintegration (pre-treatment) 
 Aerobic stabilization- (wet-composting)  
 Anaerobic stabilization – digestion  
 Chemical thermal stabilization 
 Enhancement of stabilization 
 Disinfection 
 Removal of water  
 Thickening and stacking  
 Dewatering  
o Natural dewatering  
o Mechanical dewatering  
 Drying  
o Convection drying  
o Contact drying  
 Combined dewatering and drying  
 Agricultural uses and landscape measures 
 Biological re-uses  
 Composting with organic wastes  
 Fermentation with organic wastes  
 Thermal disposal (energy recovery) 
 Degasification / Gasification  
 Mono-incineration  
 Melting  
 Combined processes 
 Co-incineration  
 Wet-oxidation 
 Disposal on landfill sites 
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5.2.1 Pre-treatment 
 Primary treatment or more exactly pre-treatment of sludge is a necessary oper-
ation step when it comes to the decentralized approach. The main objective is to dewa-
ter and reduce the volume of the sludge and then transport it to further treatment. De-
centralized wastewater treatment plants in most cases do not have any existing sludge 
treatment aggregates on-site. [ULRICH, A .et al. (2009), p. 306-335] Generally, 
DWWTPs gather the amount of sludge at the bottom of the treatment units. Sludge 
removal should be practiced by well-trained personnel. Particularly in anaerobic sys-
tems, methane, H2S and other trace components are produced, creating a possible 
danger and risk of suffocation. The major purpose of desludging is to remove the older 
and already degraded sludge. Nevertheless, the active top layer sludge should remain 
in the system. The desludging process can be implemented through buckets, pumping, 
hydraulic pressure or by using vacuum tankers. [ULRICH, A. et al. (2009), p. 306- 308] 
 
 Bucket use is not necessarily recommended because this can pose health risks 
for workers and the above described operation needs cannot be complied, 
 Pumping demands a good sludge pumping aggregate, which can be a free-flow 
rotary pump, to avoid clogging effects, 
 Hydraulic desludging is running without energy demand but this hydraulic 
process has to be provided in the construction design. If this is possible on-site, 
it can be practiced with the aid of installed pipes at the bottom units (Ø 0.35-
0.50m), 
 Vacuum tankers and mobile tankers, can desludge the necessary units and 
transport the matter to the next sludge treatment plant. Expensive vacuum 
tanker models can dewater the sludge at the same time, 
 Additionally, mobile dewatering methods should be considered to reduce the 
transport volume.  
 
 In all urban zones, generated sludge from decentralized units (including sep-
tage sludge from on-site septic tanks or pit latrines) has to be transported to the semi-
central or central processing treatment plant, covering the centres, suburbs and out-
skirts of the city zone. Sustainable treatment and disposal options are elaborated more 
precisely in chapter 6. 
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5.2.2 Transportation  
 For the transportation of sludge individual vacuum tankers need to be provided 
(Figure 5-3). Therefore, the processes requires to be optimized, “The transportation of 
waste over long distances in small vehicles is uneconomical”, as reported in [INVENT 
(2009), p. 116]. Moreover, collection in accessible waste stations must be imple-
mented. In general centralization of treatment has become a lot more economical for 
urban areas which generate huge waste quantities. [INVENT (2009), p. 116] Different 
kinds of transportation systems should be utilized, depending on special required on-
site conditions (different dimensions, structural and technical equipments). These pre-
vailing conditions should be taken into account when planning the transportation sys-
tems. [INVENT (2009), p. 116-124]. 
 
Figure 5-3: Vacuum tanker [AECOM (2008), p. 122] 
 
5.2.3 Stabilization 
 The main objective of stabilization processes (Figure 5-1) is to reduce the or-
ganic matter, biological activity as well as the acrogenic ingredients. Secondary aims 
are the decreasing of pathogens and an increasing of dewatering behaviours. Up until 
the technical barrier of 55 to 60 % of the organic matter can be biodegraded. The total 
solid content can be minimized down to 35 %. [THOMÉ-KOZMIENSKY (1998), p. 142] 
Biological metabolism depends on temperature levels. Therefore, different process 
temperature can be applied and are subdivided in:  
 Psychrophilic process   0 – 30  [°C] 
 Mesophilic process  25 – 45  [°C] 
 Thermophilic process  45 – 80  [°C] 
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 Stabilization demands depend on the further disposal paths, as depicted in Ta-
ble 5-1. Well pasteurized sludge can be obtained through utilization of mesophilic 
processes and thermophilic processes but it cannot be considered as sterile. The stabi-
lization leads to a significant reduction of the heating value due to of biological degra-
dation processes. [THOMÉ-KOZMIENSKY (1998), p. 142] 
 
Table 5-1: Stabilization requirement [THOMÉ-KOZMIENSKY (1998), p. 142] 
Action destination  Demanded stabilization  
Landscape measures, agriculture (liquid) full-stabilized, relatively disinfected 
Re-use for landscape measures, agriculture partly stabilized or fully-stabilized  
Material recycling e.g. construction material  non-stabilized to fully-stabilized  
Sludge lagoons  fully-stabilized or relatively stabilized  
Landfill (dewatered) relatively stabilized to fully-stabilized  
Landfill (dried) relatively stabilized to fully-stabilized  
Landfill (ash e.g. incineration) non-stabilized combustion 
 
 
5.2.3.1 Disintegration  
 In the fields of sludge treatment, disintegration means a mechanical process in 
which cell walls of biological organisms are broken down. The benefit of this application 
can be used to decrease the available biodegradable matter. Sludge can be stabilized 
more efficiently. The practical approach is researched and tested - by Prof. Dichtl and 
the results seem to be well-functioning. [THOMÉ-KOZMIENSKY (1998), p. 143] 
 
5.2.3.2 Aerobic stabilization (wet-composting)  
 In the presence of oxygen, biological organisms can degrade the organic matter 
of sludge. The oxygen is dissolved in water and has to be supplied for these treatment 
methods. [THOMÉ-KOZMIENSKY (1998), p. 143] In aerobic systems, micro-organisms 
directly degrade organic matter into carbon dioxide, water and organic material with 
introduced energy (oxygen). [ONYECHE, T. I. (1999), p. 38-39], as simplified illustrated 
in Figure 5-4. 
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Figure 5-4: Scheme – Aerobic sludge stabilization  
 
 This treatment application finds the optima in small-scale facilities until 10‟000 
PE. The sludge load (TS) should not exceed the quantity of 0.05 kg BSB5/Kg•d. The 
aeration can hardly be provided in large-scaled facilities. The aerobic stabilization is 
able to treat highly toxic sludge, e.g. industrial sludge. In comparison to the digestion 
process, the biodegradation rate of the organic matter is relatively low (30-40%). Due 
to the energy input, the operating cost is higher than that for anaerobic treatment me-
thods. [THOMÉ-KOZMIENSKY (1998), p. 143] 
 
5.2.3.3 Anaerobic stabilization – digestion  
 Anaerobic stabilization, well known as digestion, according to ONYECHE, T. I. 
(1999), p. 38 “(...) is a microbiological process in which organic material is broken down 
by action of micro-organisms in the absence of air” (oxygen). This biological process 
consists of three phases. In the first phase, hydrolysis, high molecular compounds are 
degraded into easily biodegradable compounds (monomere, like aminoacids, glucose, 
fatty acids) and solved in water. During the second phase, acid-producing bacteria 
transform the dissolved compounds to organic acids (butyric acid and propionic acid), 
alcohol, hydrogen and carbon dioxide, which is termed as acidification. Eventually, 
the acetogenic phase and methane phase interact in a symbiotic process. Acetogen-
ic bacteria start to convert compounds into acetic acids thereafter the methane bacteria 
use these acids to produce the methane gas. [INVENT (2009), p. 189] These 
processes are presented in simplified way in Figure 5-5 below.  
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Figure 5-5: Digestion steps [ULRICH, A. et al. (2009), p. 135] 
 
 In anaerobic processes, the energy is gained from the system. Hence, carbon is 
incompletely oxidized and two-third of the produced biogas contains methane. [ON-
YECHE, T. I. (1999), p. 38-39] This biological process converts organic matter into a 
mixture of gas which can be used energetically. The major components are methane, 
carbon dioxide and traces of other substituent‟s (Table 5-2).  
Table 5-2: Average composition of biogas by KALTSCHMITT [INVENT (2009), p. 188] 
Component Concentration 
Methane (CH4) 50-75 Vol.-% 
Carbon dioxide (CO2) 25-45 Vol.-% 
Water (H20) 2-7 Vol.-% (20-40 °C) 
Sulfide hydrogen (H2S) 20-20.000 ppm 
Nitrogen (N2) < 2 Vol.-% 
Oxygen (O2) < 2 Vol.-% 
Hydrogen (H2) < 1 Vol.-% 
 
 
 Anaerobic treatment of sludge has gained rising acceptance during the last 
years because of its advantages compared with compost systems (aerobic). 
[WHEATLEY, A. (1991), p. 1-42] The typical proceeding methods can be divided into 
three different main process temperature as already explained further up (5.2.1). Psy-
chrophilic processing digesters have been rarely applied because of long-term reten-
tion. Most common is the mesophilic utilization for digestion facilities. Thermophilic 
sludge still emits strong odours and is hard to dewater. To optimize the biological proc-
esses, two-step digestion can be utilized. This has positive effects on the biodegrada-
tion rate, gas yield and retention time. [THOMÉ-KOZMIENSKY (1998), p. 144] The 
Table 5-3 recommends typical design features for sewage sludge applied digesters  
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Table 5-3: Dimensioning recommendations [THOMÉ-KOZMIENSKY (1998), p. 215] 
Theoretical 
retention time 
Applied load Temperature 
[d] [kg oTS /m
3
·d]     [°C] 
10-15 2.5-4.0 mesophile 
15-20 1.7-2.5 mesophile 
20 2.5-3.0 mesophile 
12-15 3.0-4.0 mesophile 
25 2.2 mesophile 
15 6.7 mesophile 
 
 
 Experience and available literature also indicate that anaerobic systems are not 
simple to adjust, operate and maintain during long period of time. [ONYECHE, T. I. 
(1999), p. 38] Anaerobic treatment plants are used in many cases due to the low 
processing costs and proving an energy contained gas. High construction effort, great 
sensibility towards toxic ingredients and temperature have effected digestion processes 
adversely. [THOMÉ-KOZMIENSKY (1998), p. 144] In conclusion, Table 5-4 summariz-
es features of different types of biogas plants for sludge substrates. 
 
Table 5-4: Features of different types of biogas plants for sludge substrates [INVENT (2009), p. 188] 
Criteria Features 
TS-content of substrate  
Dry fermentation (TS from 15 to 65%), 
Wet fermentation (TS up to 15%), 
Anaerobic wastewater treatment(for wastewater) 
Type and source of substrate 
Agricultural mono-fermentation plants  
Co-fermentation plants  
Organic waste fermentation plants  
Wastewater digestion 
Temperature of process 
Psychrophile  
Mesophile  
Thermophile  
Charging clearance  
Batch 
Intermittent  
Semi continuous  
Quasi continuous  
Method implementation 
Single-stage : All degradation stages simultaneous 
Two-stage: Separation of hydrolysis 
Multi-stage: Separation of hydrolysis and formation of 
acid 
Principle of mixture 
Mechanical: - propeller shafts   
Pneumatic: - gas injection  
Hydraulic: - pumps 
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5.2.3.4 Enhancement of stabilization 
 Two-step stabilization can be applied to enhance rate and extent of the natural 
reaction. Therefore, the first step makes use of primary biological degradation proc-
esses, while the second reactor can work in optimal methanogenic conditions (e.g. 
Table 5-4). Add-on enzymes can accelerate both anaerobic and aerobic methods. 
[THOMÉ-KOZMIENSKY (1998), p. 144]  
 
5.2.4 Disinfection 
 The term of disinfection summarizes all applications which intend to eliminate or 
delimitate the epidemiological pathogens, for example bacteria, viruses, protozoan and 
eggs of parasites. Sewage sludge especially raw, primary and secondary sludge mani-
fest a high potential of pathogens. Digested or stabilized sludge features less potential 
of pathogens than raw sludge. Due to the agricultural re-uses, the sewage sludge re-
quires disinfection. [THOMÉ-KOZMIENSKY (1998), p. 144-145] Anyhow, disinfected 
sludge “cannot be considered as sterile”. [DICHTL, N. (2011), p. 14] Covering all 
measures to eliminate pathogens and also to prevent their reproduction are the main 
objectives to sustain an uninfectious sludge product. [DICHTL, N. (2011), p. 14] Not all 
treatment methods are explained in detail. The important variants are calcium hydrox-
ide treatment (limestone), aerobic-thermophile stabilization, dual biological stabilization, 
sludge pasteurization and others. [THOMÉ-KOZMIENSKY (1998), p. 145-147] Well 
adjusted treatment (stabilization - anaerobic/ aerobic) can cover and include required 
disinfection processes. [THOMÉ-KOZMIENSKY (1998), p. 142-145] 
 
5.2.5 Removal of water  
 In general, the water content of sludge varies between 99.5 to 93 % depending 
on the used wastewater treatment system. This characteristic is one of the main in-
fluencing factors for the volume and consistence of sludge, as already represented in 
3.1.4.1.1. In some cases, a reduction of the water amount can affect a volume reduc-
tion. For all these processes, energy and time are necessary. Therefore, water needs 
to be removed only when explicitly formulated in the concept (treatment and disposal of 
the sludge). Hence, frequency tuning is required for optimizing the energy consumption 
and this has to be well-adjusted. [THOMÉ-KOZMIENSKY (1998), p. 142-145] 
 
SLUDGE TREATMENT AND DISPOSAL OPTIONS 
66 
5.2.5.1 Thickening and stacking  
 
 
Figure 5-6: Scheme gravity thickener-settlement tank [wastewatersystem.net] 
 
 Thickening is a separation of water from sludge suspension with using of the 
existing gravity force, as seen in Figure 5-6. With thickener, depending on the charac-
teristics of the sludge, water can be reduced to a TS content range of 4 to 7 %. Stabi-
lized sludge can improve the efficiency of thickening proceedings and increase the TS 
content of the sludge. Thus, it is highly recommended to utilize these aggregates after 
the stabilization method process. Typical procedures for dewatering sludge are settle-
ment (settlement cone, settlement tank), filtration and flotation by pressure drop. 
[THOMÉ-KOZMIENSKY (1998), p. 148] The next practical measure is to temporarily 
store the sludge (stacking of sludge). Stabilized and thickened sludge should be 
stacked for proper management and organization. During the stacking, scum layers 
should be avoided and broken down. It is important that the stored sludge should be 
homogeneously mixed and stays pumpable during the stacking process. Moreover, 
stacking provides an improved flexibility and prevents failures during further treatment 
and disposal paths. Continuous mass flow can be switched to discontinuous single 
processes and adopted portions can be provided. Thereby, proper interactions to other 
re-uses or drying methods, which are only possible during some periods, can be guar-
anteed. [THOMÉ-KOZMIENSKY (1998), p. 149] 
 
5.2.5.2 Dewatering  
 The capability of dewatering operation depends on the properties of the sludge, 
on the respective dewatering process and operation conditions. The properties of 
sludge largely vary, explained by [THOMÉ-KOZMIENSKY (1998), p. 149], depending 
on several impacts, for example place of generation, ratio of commercial and industrial 
sludge, pollutant concentration, retention time in settlement tanks and used stabiliza-
tion process. 
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5.2.5.3 Natural dewatering  
 The natural dewatering process is very attractive for Southeast Asian countries 
because of its simple install technology with low or without energy input and only a few 
required operation and maintenance skills. [ULRICH, A. et al. (2009), p. 34] Natural 
dewatering can be smoothly utilized in the climatic condition of Southeast Asia. Some 
of these technologies have been well tested, for instance in Indonesia, Thailand or 
Vietnam. Only stabilized sludge (aerobe/anaerobe) should be naturally dewatered. 
[THOMÉ-KOZMIENSKY (1998), p. 149] Dewatering and treatment of non-stabilized 
sludge in the open air lead to emissions of bad odours and nuisance from flies [UL-
RICH, A. et al. (2009), p. 309] For all treatment methods, the drained leachate has to 
be collected and traced back to the wastewater treatment facility. [THOMÉ-
KOZMIENSKY (1998), p. 149]  
 In drying beds (Figure 5-7) or sludge drying lagoons, sludge settles at the 
ground. Gravitation and evaporation can dewater the sludge up to 35 % of its solid con-
tent. [THOMÉ-KOZMIENSKY (1998), p. 149] This technical application has been well 
practiced in Da Lat (Figure 5-7), Banda Aceh and near Yogyakarta (both Indonesia). 
Due to its greenhouse roof it is operating also during the raining season. [ULRICH, A. 
et al. (2009), p. 317]  
 
Figure 5-7: Sludge drying beds in Vietnam, Da Lat 
Photo: Pogade, F. (2009), in Da Lat 
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 In former times, conventional sand drying beds have been used more and 
frequently in Germany. Altogether, it has been pointed out in Germany that these me-
thods are not suitable for large scale treatment nowadays. Reasons for this are large 
place requirements, long dewatering time, climatic conditions and limitations of dewa-
tering. [THOMÉ-KOZMIENSKY (1998), p. 149] 
 Another natural based process is the sludge drying bed (Figure 5-8) with 
reeds or grass. As reported, this method can be applied particularly in small scale ap-
proaches (up to 30‟000 PE). [GÖDECKE, D. (2004), p. 1-12] The end product indicates 
a high humus quality. Removal of the matter needs to be done in 7 to 10 years periods. 
It is recommend to use this cleared material in composting plants or directly as fertiliz-
er. [GÖDECKE, D. (2004), p. 1-12] The design for this treatment method is shown in 
Figure 5-8.  
 
 
Figure 5-8: Scheme- reeds planed sludge drying beds [Heinss, U. et al. (1998), p. 5] 
 
 The essential size ratio makes the approach inapplicable for large scale treat-
ment, but in small facilities sludge drying beds with reed implicate real advantages. 
Those advantages are for instance little energy consumption, small treatment effort, 
continuous incomplex handling and very well stabilized humus (fertilizer) which can be 
re-used in agriculture or for landscape measures. [GÖDECKE, D. (2004), p. 6-11] 
 
 Solar sludge drying (dewatering) uses solar energy to dry sludge. Solar drying 
methods involve large place requirement. Nowadays, [NATHAN, S. et al. (2004), p. 14] 
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states in his report, “(…) that the „SolarMix‟ process is extremely effective at both stabi-
lising the biosolids and dramatically reducing the volume and mass of the material to 
be transported and reused.” In the future, the dryer‟s efficiency and drying time are 
necessary to improve, [ZWEIFEL, H. et al. (2001), p. 459-463]. 
 
Figure 5-9: Solar drying green house [ZWEIFEL, H. et al. (2001), p. 459- 463] 
 Different practical pilot researches have proved that this system works very well 
from an economical and ecological point of view considering the very low input of ener-
gy and the small technical and mechanical effort. It has been approved to be more cli-
mate-friendly than conservative technologies. Solar drying is applicable when the solar 
radiation reaches 300 W/m² and the relative air-humidity falls below approximately 80 
%. [WITTMAIER, M. et. al. (2006), p. 1-2] Evidentiary, sludge dries faster in summer 
than in winter. This fact has to be considered for the treatment and capacity design. 
Solar sludge drying technology is utilized in plants designed until 300‟000 PE. [WITT-
MAIER, M. et al. (2006), p. 1-2] 
 
5.2.5.4 Mechanical dewatering  
 The following mechanical dewatering elements can operate with energy input:  
 Chamber filter press, 
 Belt filter press and screen filter press,  
 Centrifuge and decanter  
 
 The utilization of sludge conditioner influences the dewatering rate positively. 
Polymers should be deployed for increasing dewatering efficiency. It pondered about 
this technical approach if place requirements constitute the major role for the decision. 
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For smaller facilities, mobile dewatering methods can be considered for an economical point 
of view. [THOMÉ-KOZMIENSKY (1998), p. 150-151] 
 
5.2.6 Drying  
 Drying can accomplish higher TS values than dewatering. These drying proc-
esses can be assisted by vaporization and evaporation. The total solid content can 
provide values from 60 up to 95 % of a total solid content. The outcomes are above all 
volume reduction for further treatment or disposal paths, minimization of transportation 
costs and a value added product (well-stabilized). Drying manifests a very costs-
intensive process. [THOMÉ-KOZMIENSKY (1998), p. 151-153] Convection drying, con-
tact drying, combined dewatering and drying process are characterized as typical dry-
ing features. Due to immensely high costs of operation, these methods can be ex-
pected to extension methods for sludge treatment in large-scale approaches for the 
future. [THOMÉ-KOZMIENSKY (1998), p. 152-153] The current situation and condi-
tions in Vietnam require a provision with easily applicable treatment techniques and 
financeable methods.  
 
5.2.7 Agricultural uses and landscape measures 
 Sewage sludge can be utilized in different states and ways, e.g. wet, dewa-
tered, dried, composted or as fertilizer. [THOMÉ-KOZMIENSKY (1998), p. 153] Fur-
thermore, to get an overview of the positive and negative effects of sludge, the follow-
ing chart Figure 5-10 illustrates the nutrients and pollutants in the sludge.  
Nutrients Pollutants
Removal from the cycle of 
matter
Reuse in the cycle of 
matter
 
Figure 5-10: Balance of nutrients and pollutants [DICHTL, N. (2011), p. 21] 
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 Re-using nutrients in the cycle of matter, stabilized sewage sludge can be uti-
lized in agriculture or for landscape measure in abidance with the law formulated stan-
dards. This is urgently needed to guarantee an adherence of safety, environmental 
compliance and the prevention of health risks. [THOMÉ-KOZMIENSKY (1998), p. 152-
153] Considering all the information based on scientific literature and publications, the 
application of sewage sludge in agriculture is a controversially discussed subject mat-
ter. The final result is that the application of sewage sludge in agriculture effectuates a 
contamination/pollution of the soil. [THOMÉ-KOZMIENSKY (2001)] A documented 
fact in waste management is that waste material can be re-used; taking into ac-
count the pre-condition that it is utilized in a non-dangerous or environmental-
friendly way. It has been scientifically proven that the re-use of sludge does not con-
firm to these basic principles. The statement has been confirmed by scientific-based 
arguments many times. [THOMÉ-KOZMIENSKY (1998), p. 152-153]  
 
Figure 5-11: SNV slurry fertilizing [abdphoto.net] 
 
5.2.8 Biological re-uses  
 Biological re-use explains a process which degrades the organic matter of stabi-
lized sludge. Besides, volume and organic matter can be reduced even more with the 
biological processes. The used sludge has to be environmental compatible so that the 
end-product can be utilized conform to legal conditions. Established systems are most 
notable composting and fermentation. Both of these processes use the organic fraction 
of municipal waste collection. This should not be mixed up with wet composting 
(5.2.3.2) and digestion (5.2.3.3). [THOMÉ-KOZMIENSKY (1998), p. 153] 
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5.2.8.1 Composting with organic wastes  
 THOMÉ-KOZMIENSKY defines in his book, that composting “(…) is a biological 
reduction and converting process of organic material, in presence of oxygen, to the 
major products, water, carbon dioxide and humid acid residues, which is called com-
post.”14 Composting can proceed at different temperature levels, such as psychrophile, 
mesophile, thermophile, as depicted in Figure 5-12. The three major treatment me-
thods of composting are static, dynamic and semi-dynamic rotting process. 
 
Figure 5-12: Temperature ranges of microorganisms (composting) [INVENT (2009), p. 184] 
 
 The created compost product can be applied as soil conditioner, humus source 
and material for reclamation or landscape measures, regarding to the given compost 
quality standards (pollutants limits). However, the fertilizing effect through humus is 
limited, the market for humus is low-developed and there still is only a small market 
demand. [THOMÉ-KOZMIENSKY (1998), p. 155] Vietnamese humus is of very poor 
quality (e.g. Kieu Ky (Figure 5-13) and Cau Dien composting site) and the current mar-
ket price for one Mg humus [URENCO HANOI] is about 60.000 Dong (approx. 2 €). 
 Mono-sewage sludge composting could not sustain itself as a treatment me-
thod. So far it is only applied in smaller scaled plants through. The advantages of this 
method are range on the possible application of the compost, and further stabilization 
and dewatering of the sludge. Moreover, the compost can be stored more easily. On 
the other hand, there are some disadvantages like disturbing odour, produced lea-
chates and high mechanical and processing efforts. [THOMÉ-KOZMIENSKY (1998), p. 
155] 
                                       
14
 „(…) der biologische Ab- und Umbauprozeß organischer Verbindungen unter aeroben Bedingungen zu den Haupt-
produkten Wasser, Kohlendioxid und huminsäurehaltiger Reststoffe, genannt Kompost.“ [THOMÉ-KOZMIENSKY 
(1998), p. 153]
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Figure 5-13: Composting plant - Kieu Ky (2011) 
 
 High treatment costs of sludge composting plants which amount to approx-
imately 100-250 € per MgTS compared with the low market price on composting prod-
ucts recently turn out to be very unprofitable. [THOMÉ-KOZMIENSKY (1998), p. 155] 
The list of composting sites in Vietnam is outlined in the following Table 5-5.  
Table 5-5: Composting plants in Vietnam [INVENT (2009), p. 285] 
Location 
of the 
plant 
Capacity 
[Mg/d] 
Start of 
operating  
Organic waste source Status  
Cau 
Dien  
140 
1992, 
expanded 
2002 
waste form market, streets, restau-
rants, public septage  
 operational, 3 products sell-
ing; price of VND 800, 1200 
and 2000/kg  
Kieu Ky  150 2009 
separated organic waste Gia 
Lam district (6 communes), non 
separated municipally waste 
 
operational, free product, 
operation problems  
Nam 
Dinh City  
250 2003 non-separated municipal waste  
operational, free product 
provided (for farmer)   
Phuc 
Khanh, 
Thai 
Binh    
75 2001 unidentified  operational  
Viet Tri, 
Phu Tho   
240 1998 unidentified  
 operational, 3 products sell-
ing; price of VND 200, 250 
and 900/kg   
Hoc 
Mon, Ho 
Chi Minh  
240 
1982, 
closed 
1991 
non-separated municipal waste  
closed down due to difficulties 
in selling the product  
Trang 
Cat, Hai 
Phong   
50 2004 
mud, matters from dredged canals, 
non- separated municipal waste  
operational, test period  
Ninh 
Thuan  
100 1998 non-separated municipal waste  operational  
Thuy 
Phuong, 
Hue City  
159 2004 non-separated municipal waste  
operational, 3 products sell-
ing; price of VND 1100 to 
coffee and rubber farmers 
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5.2.8.2 Fermentation with organic wastes  
 In absence of oxygen, biogas, digestate and wastewater are produced in the 
course of fermentation processes. All products require further treatment processes. 
The addition of organic waste results in an increase of the biogas yield. The produced 
gas should be dried and prepared through removal of sulphur and other trace sub-
stances. Afterwards the cleaned gas should be the energy source for a block heating 
station for energy production. [THOMÉ-KOZMIENSKY (1998), p. 155-156] The tech-
nique equipments are similar to the described methods in chapter (5.2.3.3). Realizing a 
well-functioning operation and safe proceedings trained personnel are demanded. Ad-
vantages of this method can be seen in the low size ratio, its compacted construction, 
low odour emission, homogenously produced gas (fuel), and energy production. The 
produced heat and energy can cover process input energy and even delivers extra 
energy. In Germany, treatment costs vary and amount to between 100-200 € per MgTS. 
Due to the addition of organic waste, an increasing load of wastewaters and rising di-
gestate amounts have been determined. [THOMÉ-KOZMIENSKY (1998), p. 155-156] 
 
5.2.9 Thermal disposal (energy recovery) 
 Immense mass and volume reduction, energy and heat production, elimination 
of the pollutants of the cycle of matter and accumulation of pollutants in inert residues 
are the main reasons why incineration should be used. On the other hand there are 
also some disadvantages like, high investment costs, high operational effort, difficulties 
in operation control. [THOMÉ-KOZMIENSKY (1998), p. 156-159] Altogether, incinera-
tion treatment costs are approximate 300-500€ per MgTS.. [THOMÉ-KOZMIENSKY 
(1998), p. 158] Obviously, sewage sludge in Vietnam offers lower heating values than 
European sewage sludge. In addition, scientific researches are necessary to figure out 
if exclusive incineration of Vietnamese sludge is possible. Exeunt Hu ∼ 5500 kJ/kg TS, 
sludge burns without co-firing. 
 Mono-incineration  
 Mono-incineration of waste is practiced in Europe with over 50 years of experi-
ences. A major incineration proceeding for sewage sludge is fluidized bed combustion. 
[THOMÉ-KOZMIENSKY (1998), p. 156] Mono-incineration of sludge with fluidized beds 
has the most practical applications (large-scale). [FIW (2003), p. 1/3] The fluidized bed 
combustion is divided into three technical methods, static, rotating and circulating fluid-
ized bed combustion. In general, a single combustion process operates with a tem-
perature of 850° C, with a minimal waste retention time of 2 sec inside combustion 
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chamber and with a minimum oxygen concentration of 6 vol.-% in the flue gas. De-
pending on the concentration of the organic matter, water and the heating value, 
sludge has to be dewatered and dried up to required point where it combusts well. 
Combustion residues (bed ash, flue gas, filter dust and slack ash) have to be treated 
and disposed of in an environmentally-friendly and safe way. Occasionally, a multiple-
hearth incinerator provides a safe combustion process for sludge and can be utilized 
for drying sludge. [THOMÉ-KOZMIENSKY (1998), p. 157] 
 Co-incineration 
 Co-combustion works with both dried and dewatered sludge. The specific quan-
tity of sludge which has to be added mainly depends on the water content. In general, 
household wastes are mixed up with sludge. The added combustion rate of sludge is 
limited up to 20% because of its decrease influence on the heating value and an 
abatement of combustible character. [THOMÉ-KOZMIENSKY (1998), p. 159] The co-
incineration presents the highest applicational potential in practice. [FIW (2003), p. 1/3] 
Therefore the blending needs to be as homogenous as possible. The input of sewage 
sludge can be carried out through dust injection in the combustion chamber or mixing 
of sludge with solid waste in the waste bunker or through a cone input. Co-combustion 
with sewage sludge demands an explicit residues treatment even to larger extent than 
that of the normal thermal waste incineration. Therefore, it needs a higher demand of 
flue gas cleaning actions. Bed ash, flue gas, filter dust and slack are produced residues 
and require further treatment and disposal. [THOMÉ-KOZMIENSKY (1998), p. 159] In 
Figure 5-14, the basic units of an ordinary solid waste incineration plant is presented.  
 
Figure 5-14: Principle of a combustion plant by IGELBÜSCHER [INVENT (2009), p. 162] 
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Gasification, degasification, pyrolysis, melting, combined processes and wet-
oxidation are names of other available combustion methods. Detailed information ac-
cording to these methods can be found in the book of THOMÉ-KOZMIENSKY (1998) 
on page 156-160. 
 
5.2.10 Land-filling 
 The opportunity of land-filling sludge delivers one disposal path. Landfills are 
subdivided into several types, mono- and municipal waste disposal sites are suitable 
for sewage sludge. Disposal of wastes is a far more complex subject area than it ap-
pears at a first glance. Standards for landfill construction and disposal of a material 
have to be adhered. Sewage sludge is difficult to landfill. The reasons for this lie in its 
highly complex material characteristics. Therefore, pre-treatment steps for sewage 
sludge are obligated. Otherwise, massive problems with production of leachates, 
odours and landfill gas or instability of the landfill body can occur. [THOMÉ-
KOZMIENSKY (1998), p. 159]  
 Professor BILITEWSKI teaches in the basic lectures of waste management that 
each landfill site is considered to be an immense risk to become a decontaminated site. 
In particular for sludge, to guarantee stability of the landfill body, the water content and 
organic matter needs to be reduced and pH-values adjusted. In a short-term view, 
land-filling might be the cheapest way to dispose of sewage sludge, but in a long terms 
view it is certainly the most costly way of disposal. [THOMÉ-KOZMIENSKY (1998), p. 
159]  
 The chief reasons for the turning away from landfills are ”(…) scarce landfill 
sites, leachate leaks through the landfill liners contaminating the groundwater quality in 
the surrounding areas, regulatory drivers, methane (CH4) emissions from biodegrada-
ble waste, contributing to climate change and local hazards such as fire risk, non-
sustainable use of land and odour.” [INVENT (2009), p. 37] 
 In the following, the figures summarize different treatment and re-use or dispos-
al paths in Figure 5-15 and Figure 5-16. 
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Figure 5-15: Disposal paths for sewage sludge [THOMÉ-KOZMIENSKY (1998), p. 4] 
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Figure 5-16: Processing chain of sludge treatment and disposal [THOMÉ-KOZMIENSKY (1998), p. 
162] 
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6 SEWAGE SLUDGE MANAGEMENT CONCEPT 
 All the past chapters are the basis of the sludge management concept. Creating 
an integrated treatment and disposal concept for sewage sludge in Vietnam, the back-
ground and detailed information about produced sludge amount and its characteristics, 
place of generation, climate, culture, financial resource, legal framework, available 
techniques and the processing elements (etc.) are required. 
 Reduction, re-use and recycling, recovery and disposal are the major com-
ponents of the waste management strategy. However, this sewage sludge concept has 
the main objective to achieve a material cycle society. Reduction is the best and most 
effective usage of a matter with small consumption of resource and the smallest 
amount of waste discharged. Re-use means the discharged products can be utilized 
again in the same or in another manner. Recycling refers to upgrading waste into new 
products (up-cycling) and can be applied in two forms, recycling at source of the pro-
duction or recycling of waste material. Recovery means using the waste to achieve a 
beneficial outcome. If recovery is not possible, disposal is realized and waste is dis-
charged of in a safe and environmentally sound manner (Figure 6-1). 
 
Figure 6-1: Hierarchy of waste management [INVENT (2009), p. 28] 
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6.1 AVOIDANCE  
 The prime target of waste management is to reduce the generation of waste 
and to optimize the organization of waste treatment and disposal. The strategy for 
sludge management should first aim to reduce the production (quantity) as well as the 
pollutant concentration (quality) at the level of the producer.  
 Waste prevention and promoting effective recycling methods are major targets 
to reduce the negative impact of waste on the environment. The recycling approach 
provides that every item of waste is not seen only as a source of pollution to be re-
duced, but also as a potential resource to be exploited. The order of preferable waste 
activities ranges from avoidance to disposal and is outlined in Figure 6-1. In the case of 
sewage sludge, the possibilities and activities to avoid sludge production are very li-
mited. The discharge of industrial and commercial wastewater can be reduced due to 
legal and technical measures, controls and by controlled-monitoring systems, observed 
by the state authorities. Therefore, a stronger legal force is required to implement the 
"polluter pays" principle in Vietnam and then the costs of the clean-up will be paid by 
the company that caused the damage. With these measures, mainly the concentration 
of pollutants can be minimized and observed.  
 For epidemiological photogenes and other fungi from hospitals, slaughterhous-
es or meat processing companies, these measures cannot be applied successfully. 
The municipal sewage sludge amount in Vietnam can only be reduced through minimi-
zations of illegal solids and solid waste inputs in sewerage and through a better ad-
justment of the wastewater treatment plants. Further reduction can be reached through 
sludge treatment.  
 
6.2 TREATMENT  
 In the developed concepts, the entire treatment process considers that the pro-
duced material of the sewage sludge treatment plants should be a re-usable material 
which can be utilized in agriculture. Sewage sludge is used under the basic premise 
that only selected areas in agriculture are utilized and the quantity and quality of the 
sludge should not exceed the standards of the guideline (draft).  
 Generally, solid waste management achieves the principles of avoidance and 
re-use successfully, whereas the management of sewage sludge can just partly real-
izes these principles during the treatment, re-use and disposal processes. Either valu-
able materials (C, N, P) are utilized and pollutants are emitted (agricultural re-
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use), or pollutants are kept away from ecological systems and the valuable mate-
rials are destroyed at the same time (waste incineration). In fact, the current situa-
tion needs to develop new ways and innovative concepts for sewage sludge manage-
ment in the future.  
 Normally, the sewage sludge of DWWTPs and septic tanks is produced off-site 
and this sludge has to be transported to sludge treatment plants. The location of the 
facility has to be well-selected to reduce the transportation costs. Moreover, emitted 
inevitable odours and noise during the operation process should be considered. The 
transportation route should not exceed a distance of 50 km (maximum). To design a 
semi-central or central sludge treatment plant is much more ecological and economi-
cally worthwhile. Especially, already existing WWTPs should be considered as a loca-
tion first, because of produced wastewater during the sewage sludge treatment proc-
esses and the produced sewage sludge of the WWTP. Otherwise sewerage or decen-
tralized wastewater treatment plants have to be constructed. The sewage sludge 
treatment solution should indicate the following parameters to be suitable in practice:  
 Minimum of investment, operation and maintenance costs  
 Small land requirements 
 Enable to fulfil the legal requirements  
 In the long run, simple to operate with small elementary maintenance efforts, 
 skills required for operation and supervision as basic as possible  
 Low estimated risk of failures  
 Low-tech solution, relative-easy in handling, simple understanding for skilled 
 locals 
 Proven technology and know-how and construction with local material / worker  
 Durable construction and proceeding elements  
 Universally applicable in Vietnam for different inputs and varying climatic situa
 tions  
 Low energy demand (low pumping effort, use of gravity, hydraulic pressure, 
 slope)  
 Achievable consistency of solids, safe hygienic quality of solids, required quality 
 of liquid effluent (QCVN) 
 Cost effective end-products (biogas, energy, fertilizers, compost, biosolids etc.) 
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 Fully safeguarded sludge management (odour, leachate, without human health 
 risks)  
 
 The concepts should preferably be applied for sewage sludge of municipal 
wastewater treatment systems in urban areas in Vietnam. In detail, these systems can 
be for instance centralized wastewater treatment plants, decentralized wastewater 
treatment plants, septic tanks, sewerage and wastewater channel residues, or similar 
ones.  
 
6.2.1 Proposed treatment concept  
 The proposed concepts in the current study meet the requirements in the above 
outlined key points at the best possible rate. Subsequently, two treatment options are 
proposed. Both options include general processing steps, sludge reception, preliminary 
treatment, stabilization, dewatering/ drying and re-use/ disposal.  
 The differences of the concepts lie mainly in the designed sludge capacities of 
each treatment method. The small-scale treatment facilities operate up to 30‟000 in-
habitants and the other concept (medium/large-scale) starts at the capacity of 30‟000 
inhabitants. The received sludge will undergo different preliminary processes (bar 
screens, grease trap with integrated grid chamber). The pre-treated sludge will be sta-
bilized through an anaerobic digestion process and produced biogas will be used effec-
tively to generate power and heat.  After that, the supernatant liquor is cleaned in a 
separated WWTP and then the digestate (sludge) will be transported to the gravity 
thickeners. Thereafter the thickened sludge is discharged into sludge yards for one 
month before it is finally re-used or disposed of (in 6.3). 
 
6.2.1.1 Small-scale concept 
 The sludge will be transported by special tankers and dropped at the entrance 
of the sludge treatment plant. In the preliminary treatment section, screenings and 
other solid particles will be kept back by bars and dropped into a waste container. Peri-
odically, the screenings in the waste container will be transported to the necessary 
treatment or disposal facility. In accordance with Figure 3-5, screenings can be treated, 
re-used or disposed of. Thereafter, the sludge liquor will be flowed to the grease trap 
and integrated grid camper. The removed grid will be collected in a container and 
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transported occasionally as the situation demands. Further, grid should be treated as 
recommend in Figure 3-4.  
 Collected grease will be used additionally together with the sludge matter in the 
next treatment step, the anaerobic digestion, to increase the gas yield. The double-
stage digestion process will treat the input material under mesophilic temperature con-
dition. Approximately 20 days retention time are planned. The digestate is transferred 
to the thickening element and the supernatant will be collected and transported to the 
WWTP or DWWTP.  Thereafter, at the gravity thickener, produced effluent underflow 
will run off in pipelines (with hydraulic pressure and natural slope) to the Plexiglas 
roofed sludge drying beds with reeds.  
 The collected thickened effluent, the supernatants and the leachate from the 
sludge drying bed will discharge to the WWTP. The overall aim is to produce an odour-
less and well mineralized sludge as an end product. The mineralized matter can be 
dried after removal again. Normally, these products do not require any further treat-
ment steps, but to upgrade the quality of the matter, additional composting steps can 
be done. The removal of the mineralized matter should be done when the sludge level 
exceeds one meter. Generally, this required step should be done in periods of 7 to 10 
years.  
 In particularly exceptional cases, in which larger amounts of sludge cannot be 
transported to a treatment facility, sludge drying bed with reeds, sand drying beds or 
sludge dewatering bags can be installed directly next to the DWTTP. Therefore, the 
leachate drainage should be collected and transported to the DWWTP and the further 
dried sludge should be re-used or disposed of.  
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Figure 6-2: Small-scale concept  
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6.2.1.2 Medium/large-scale concept 
 The sludge matter will be transported by special tankers and dropped at the 
entrance of the preliminary sludge treatment. Further, in the preliminary treatment sec-
tion, screenings and other solid particles will be kept back by bars and dropped into a 
waste container. Periodically, the screenings in the waste container will be transported 
to the necessary treatment or disposal facility. According to Figure 3-5, screenings can 
be treated, re-used or disposed of. Thereafter, the sludge liquor will be run off to the 
grease trap and integrated grid camper. The removed grid will be collected in a con-
tainer and transported to treatment systems occasionally as the situation demands. 
Further, grid should be treated as recommended in Figure 3-4.  
 In order to reduce further sludge volume and amount, the medium/large-scale 
concept has two integrated sludge thickeners. After settling of the sludge, supernatant 
will be treated in a WWTP and the underflow of the thickener (thickened sludge) will be 
transferred to the digester feeding system. This system will control the digesting proc-
ess and provide an ordered digester feed (continuous/ discontinuous).  
 Collected grease will be used additionally together with the sludge matter in the 
next treatment step, the anaerobic digestion, to increase the gas yield. Regarding the 
medium or large sludge option, the system should be applied in a single or double lined 
two-stage mesophilic digesting system. Shortly after the end of the digestion, the diges-
tate is transferred to the second thickener. Thereafter, the thickened sludge is dis-
charged with hydraulic pressure and natural slope to roofed sludge drying beds with 
drainage system. In this section the sludge is stored for about one month. Sludge dry-
ing results depend on season and location. In general, climatic conditions in Vietnam 
(also North-Vietnam) guarantee ∼40 % dry substance content in all seasons. Roofs in 
general are important for all areas, especially these areas affected by the rainy season. 
The dried sludge matter should be removed periodically and disposed of. If composting 
is not possible, in this step the dried sludge can also be re-used or disposed of directly. 
The thickened effluent water, the digester supernatant and the leachate drainage from 
the sludge drying bed will be collected and transported to the WWTP or DWWTP. The 
aim of this concept is the production of a marketable compost product through a rotting 
process under a roofed yard. The rottings should be stored and processed for ap-
proximately one month. Temporarily, the rotting matter has to be circulated and mixed, 
which refreshes the oxygen content and guarantees uniform moisture. Thereafter, the 
compost can be utilized as presented in 6.3. 
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Figure 6-3: Large-scale concept 
 
6.3 RE-USE OR DISPOSAL 
Basically, to safeguard sludge disposal paths sludge can be re-used or disposed of 
with the outlined methods: in agriculture, for landscaped measures, in thermal waste 
disposal plants, in landfill sites and for other or alternative disposal paths. In the long 
run, it should be focused on a preferred disposal path of sewage sludge with thermal 
waste incinerators. In the short and medium term, the proposed concepts recommend 
the utilization of the produced matter in agricultural or for landscape measures. Rea-
sons for this lie on the deficient of waste incinerations plants, high-tech operation 
needs, limited investment capital for new investments, high treatment cost, exerted 
pressure of sludge management in urban areas, immediate demand and an adequate 
way to stop illegal waste dumping as well. Therefore, each sludge has to be approved 
for harmful effects throughout the use of sewage sludge in agriculture. Furthermore, a 
draft of a guideline has been worked out to ensure a safe and environmentally sound 
utilization in selected areas of agriculture.  
 Applications for Vietnam can be seen in agricultural uses (e.g. rubber, tree 
nursery, forest, etc.) or horticultural uses (commercial/ private); forestry uses; re-
cultivation of landfills; re-cultivation of mining areas; landscaped measuring; greenings 
of streets/roads, parks or cities; reduction of nitrogen washout and for reduction of soil 
erosion in particular in the North. Whether these usages are limited or prohibited, the 
matter has to be disposed of in a safe way. 
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6.3.1 Small-scale concept 
 The amounts of sludge are very low and are generated in periods of around 7 to 
10 years. Depending on the region where it is generated and the characteristics of the 
stabilized matter, it can be used (regulated/controlled) as fertilizer in agriculture as well 
as in horticulture or for landscaped measures.  
 In particularly exceptional cases such as smaller DWWTPs in rural areas, for 
instance, the stabilised sludge can be spread directly on flower beds as fertilizer. The 
slightly foul odours will be accepted in most cases. Sludge analysis can ensure non-
harmful effects  
 
6.3.2 Medium- and large-scale concept  
 The produced compost product needs to be analysed and checked before it is 
used for the first time. Thereafter, composts can be used as soil conditioner, fertilizer or 
biosolid in agriculture, as mentioned in the description above. Compost as a fertilizer 
can be considered as an alternative to expensive mineral fertilizers. All these materials 
used in agriculture require an all-embracing regulation (uses of sewage sludge in agri-
culture) and need to be implemented. In the next chapter a draft of a guideline will be 
developed. However, the guideline is a draft to cover this range and tries to close the 
legal loopholes supportively.  
 Intensive marketing efforts are essential to achieve a successful commerciali-
zation of the biosolids produced from sewage sludge treatment plants. Good market-
ing is very important for the successful commercialization. Close collaboration with 
agricultural service providers and cooperation partners to test and commercialize the 
new products is recommended. The compost products need to be introduced because 
Vietnam‟s agriculture requires a high quality organic fertilizer. The compost product is 
made available throughout the whole year, higher quantities are supplied in January/ 
February and June/ July (for rice cultivation). The produced compost needs to be 
packed in sacks and transported to local agents and cooperatives. The cooperatives 
are used for initial commercialization. These cooperatives could later act as local 
agents and inform farmers about the quality of the product.  
 Biogas appliances: In principle, biogas can be used like other fuel gases for 
households, commercial and industrial purposes. The preferred method is energy pro-
duction, using of biogas fuelled-engines on-site to cover the sludge treatment energy 
demand. The gas production rate itself decides which application is most feasible. If the 
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biogas of treatment system is to be applied for fuel engines, the digester must produce 
at least 10 m³ per day. For instance, to generate 1 kWh of electricity, about 1 m³ biogas 
is required. [ESCAP (2007), p. 8-15] Otherwise, biogas can be utilized basically for gas 
cookers/stoves, lamps or to produce heat with radiant heaters. Table 6-1 below offers 
advantages and disadvantages for both options compared briefly.  
 
6.4 CONCLUSION 
 The concept offers an effective performance for different amounts of sewage 
sludge. The expected hygienic quality of the biosolids and the quality of the liquid efflu-
ent achieve the aim of high-rated end products. The drying beds with reeds provide 
good biosolids treatment with minimal treatment effort, whereas the second option re-
quires post-treatment of biosolids to achieve comparable results. Composting is a sa-
tisfactory performance to upgrade the biosolids quality. Thus, the produced compost 
will obtain the best results (saleable product). Both treatment options use simple and 
reliable technologies. These options should be able to meet the requirements for oper-
ation and maintenance and for the workers skills, too. The concept contains some 
weaknesses, but the over-all risk of failure is rather limited if minimal operational care 
and maintenance are observed (disadvantages - Table 6-1).  
Table 6-1: Comparison of treatment options  
Concepts  Advantages Disadvantages  
Option 1:  
small-
scale  
Simpler operation, 
No chemicals used,  
High dryness doubtful to reach, 
Odorless biosolids, 
Biogas supplied.  
Drying effort depends on weather condi-
tions,  
Smaller capacity,  
Land requirement,  
Know issues of digestion processes, 
Odour emission during the processes. 
 
Option 2:  
large-
scale 
  
Higher capacity, 
No chemicals used, 
Higher biogas supply, 
High dryness doubtful to reach, 
Higher original costs, 
Compost produced,  
Drying effort depends on weather condi-
tions. 
Higher technology effort, 
More difficult for service and handling, 
Drying effort depends on weather condi-
tions, 
Know issues of digestion processes, 
Land requirement, 
Odours emission during the processes. 
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 Both options can be considered as equally appropriate for the conditions pre-
vailing in Vietnam. Construction cost, including land requirements are very similar for 
the concepts according to the specific sludge amounts. However, estimations for oper-
ating costs show considerable differences: the most economic to operate are the first 
option, but with a larger sludge amount and higher expectation to the produced end-
product the second option becomes more economically interesting. The evaluation of 
the two concepts demonstrates that in all criteria, exist advantages and disadvantages 
(Table 6-1). As a conclusion it can be stated, that both constructed concepts are using 
the best treatment technology for the projected quantity and quality of sewage sludge 
and for the currently prevailing conditions in Vietnam.  
 In the future, when conditions will change and sludge production rate will in-
crease considerably, it might be possible that other technologies become more inter-
esting. The revision of the treatment strategy after a number of years is recommended. 
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7 GUIDELINE (DRAFT) 
7.1 FORMULATION OF A GUIDANCE DOCUMENT  
 “Sludge is not permitted to be the jam for our sandwich” ,[Dichtl (2011)]. There-
fore, the situation in Vietnam requires to be regulated for different re- use and disposal 
paths of sewage sludge, which shall be fully safeguarded for environmental media. The 
important fact of the statement of Prof. Dichtl‟s is that it can be assumed that sludge 
can have harmful effects when used in agriculture. Consequently, it should be recom-
mended and encouraged how to utilize sewage sludge to prevent dangerous contacts, 
especially for the food chain. For a discussion and intensifying awareness in this field, 
a draft of a guideline “On the protection of the environment, and in particular the soil, 
when sewage sludge is utilized in selected areas in agriculture“ has been produced to 
serve as a basis for an intensive interchange between the responsible authorities and 
the WWM project, [GUIDELINE; p. 1]. The objective of this guideline aims “(…) to regu-
late the utilization of sewage sludge in agriculture in such a pathway as to prevent 
harmful effects on soil, vegetation, animals and human, while encouraging its correct 
utilization; (…) Whereas sludge can have valuable agronomic properties and it is there-
fore justified to encourage its application in agriculture provided it is utilized properly; 
(…) Whereas the utilization of sludge on fruit and vegetable crops during the growing 
season, except for fruit-tree crops, must be prohibited;” [GUIDELINE] 
 Within the draft, the scope is clearly defined (article 2), applicable sludge types 
are elaborated exactly (article 3 and 4 ), conditions for the utilization are established 
(article 4) and the amount, rules as well as limits for sewage sludge in agriculture are 
regulated. Other facts have been outlined in detail, for example exceptional cases (ar-
ticle 5, No. 7 and 8), obligation to produce records (article 9), application plan (article 
10), research (article 11) and adjustment of this guideline (article 12). [GUIDELINE] 
 In the annexe, different limits values for concentration of heavy metals in soil 
and sludge have been listed (Annex I A, B and C). Furthermore, instructions are carried 
out about how to sample or analyze sludge and soil. (Annex II A and B) [GUIDELINE] 
This guideline doesn‟t claim to be complete for circulation rather it should be under-
stood as a signal for ministries to rise awareness for efficient sludge management and 
to start the discussions with several experts and to have a better communication be-
tween the WWM project and the relative authorities. The discussion about the guideline 
and results of the recent study could not be presented or adjusted with responsible 
ministries.  
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8 CONCLUSION  
 In summary, this study pointed out scientific findings for the legal and institu-
tional framework as well as current sludge management practices. Moreover, it pro-
vides theoretical information for the concepts, a couple of analysis results and last but 
not least an integrated concept and guideline (draft). 
 The most important prerequisite for removing current barriers is that decision-
makers at government agencies relevant to manage sewage sludge at all levels need 
to be willing to make modification to existing institutional structures. Moreover, waste-
water tariffs are necessary to recover operation cost for wastewater treatment plants. 
As a principal conclusion, a lot more effort should be strengthened in terms of heighten 
public environmental awareness in Vietnam. If the public cannot understand the bene-
fits of the projects the willingness to pay will not increase. At the public, sewage 
charges have to be implemented and enforced. 
 As an outcome of the investigation of various sewage sludge types, values of 
sludge samples in Vietnam have pointed out remarkable differences in the composition 
compared to typical European sewage sludge. In particular, the organic dry matter and 
energy content are considerably lower than European sewage sludge values. Never-
theless, final outcomes of heavy metal concentration show significant values. Further-
more, in some cases they exceed the allowable limits of the German ordinance of 
waste sludge (AbfKlärV). In general, these results can be used as a basis to compare 
sludge results in Vietnam. In addition, a lot more samples, results and sludge research 
are required. Further research shall ensure that these results demonstrate representa-
tive values for Vietnam‟s sewage sludge. As a result, particularly caused by the inten-
sive interactions and cooperation with analytic laboratories, it was determined that 
some of the Vietnamese laboratories necessitate more training of the personnel. More-
over, a lot more supervision and evaluation of results in terms of sludge analytics is 
needed. 
 The research has reached the conclusion that new constructed wastewater 
treatment plants as well as emptying of septic tanks and upgraded wastewater facilities 
produce more and more sewage sludge. Due to the increased sludge amount in Viet-
nam responsibilities will rise to a challenge in terms of the treatment and disposal of 
sewage sludge in the years to come. For that, sewage sludge management in urban 
areas in Vietnam requires to be more and more improved. Therefore, in the short term 
run, sewage sludge amounts need to be reduced with appropriate treatment strategies. 
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Hence, the developed sludge treatment concept in the paper can help to solve these 
problems. These treatment plants will transform sewage sludge in a solids fraction with 
greatly reduced volume and a very low pathogen content, and in a liquid fraction suita-
ble for discharge after a minimal treatment in a wastewater treatment plant  
 The developed concept represents integrated options for an appropriate se-
wage sludge management for the conditions prevailing in Vietnam. Both treatment op-
tions use simple and well-engineered technologies. Moreover, all options will produce 
attractive end-products - biosolids, biogas, heat, light or energy. However, the concept 
and its operational costs can be considered as economic option for the management of 
sewage sludge form municipal wastewater treatment systems in urban areas in Viet-
nam. Furthermore, particular cost study should be done to determinate treatment and 
investment costs of this concepts in an individual case of application. As a major con-
clusion it can be stated, that the engineered concepts are using the best treatment 
technology for the estimated quantity and quality of sewage sludge and for the current-
ly prevailing conditions in Vietnam. 
 This report recommends that the Government actively discusses and promotes 
other ways than solid waste disposal. Vietnams Government should uphold and en-
force the „polluter pays‟ principle to improve the situation in a proportionate manner. 
There is a need for the Government to review the tariff policies for wastewater. Moreo-
ver, to exert to pressure to enforce sewerage and solid waste tariffs for recovering the 
treatment costs is required.. At least some costs will be recovered from the users and 
producers which can be reinvested to support a more sustainable services. In the fu-
ture, Vietnam should invest in upgrading and expanding the treatment plants, enhanc-
ing to improve their capacity and use better treatment technologies.  
 The risk of sewage sludge has to be considered in all treatment processes and 
disposal paths , because “sewage sludge is the designated collector for all pollutants 
contained in the wastewater.”, as stated by Imhoff, K., [DICHTL, N. (2011), p. 21]. 
Generally, waste material can be re-used, taking into account the pre-condition that it is 
utilized in a environmental-friendly manner. Besides the management of sewage 
sludge , this cannot always be done. Consequently, two disposal paths can be consi-
dered as alternative methods for the utilization of sewage sludge in agriculture. On one 
thing, treated and well-stabilized sludge can be disposed of in landfill sites. Leachate, 
contamination, odour and methane emissions as well as non-sustainable management 
of land are huge problems of landfill sites and have been outlined in the paper. That is 
also why waste incineration (waste-to-energy disposal) will probably gain importance 
over the coming years. In Western Europe, waste incinerators have become an indis-
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pensable part of waste management system for this matter which neither can be re-
duced nor re-used or recycled. 
 Related to the energy balance, in some cases sewage sludge treatment plants 
can produce more energy than the handling of sewage sludge needs. Moreover, it pro-
vides valuable biosolids (secondary raw material) and energy. For all countries, the 
treatment and re-use of sludge matters reduce greenhouse gas emissions by replacing 
other resources. In addition, Vietnam is one of the worst affected countries of the world 
in terms of climate change. Floods, the rising sea level, erosion and salination of water 
resource in Vietnam are indisputable consequences of climate change. The initiatives 
should not only take part against impacts of climate change, efforts towards the poten-
tial source – the „polluter‟ should be stronger reinforced. 
 Concerning to the prospects of the future, sector needs are huge and the limited 
capital and resources should be used for priority investments first. A strategy should be 
established to consider most important priority of investments. The strategy is particu-
larly important in order to increase the efficiency of the funds deployed. Furthermore, 
the decision making should ensure that sewage sludge treatment options are based on 
the least cost and suitable technologies for Vietnam. National financing plans are re-
quired to face the investments to protect the environment.  
 In China and other ASEAN countries, annual investments for environmental 
activities are accounting for 2 to 3 % of the country‟s GDP. The sum of the environ-
mental fund in Vietnam is marginally 0.4 % of the GDP, [VIETNAM NEWS 
(11/06/2011)]. 
 As final a conclusion, the Vietnamese government should take into considera-
tion the extension of the national fund of environmental protection, to satisfy the current 
and future demands for dealing with the increasing number of pressing environmental 
issues. 
  
REFERENCES 
92 
9 REFERENCES 
AECOM International Development, Inc and the Department of Water and Sanitation (2010): A Rapid Assessment of 
Septage Management in Asia: Policies and Practices in India, Indonesia, Malaysia, the Philippines, Sri Lanka, Thailand, 
and Vietnam. Environmental Cooperation-Asia (ECO-Asia). 
Anh, Hoang (2009): He Thong Van Ban Phap Luat Moi Ve. Bao Ve Moi Truong 2009. Tieu Chuan, Quy Chuan Viet 
Nam Ve Moi Truong. Ha Noi: Nha Xuat Ban Thong Ke. 
ATV (1996a): ATV- Handbuch Klärschlamm. 4. Auflage. Berlin: Ernst-Verlag. 
ATV (1996b): Landwirtschaftliche Klärschlammverwertung. ATV- Information. Hennef. Edited by Eigenverlag. 
ATV (1985): Behandlung und Beseitigung von Schlamm aus Kleinkläranlagen. Regelwerk Abwasser-Abfall. ATV-A 
d123. St. Augustin: Gesellschaft für Förderung der Abfalltechnik e. V. (GFA). 
Baltrusch, Andreas (2000): Entscheidungsmodell zur Auswahl von Entsorgungsalternativen. Dargestellt am Beispiel 
der Klärschlammentsorgung. Neuruppin: TK-Verl. (Technik, Wirtschaft, Umweltschutz). 
Bilitewski, B.; Hösel, G.; Schenkel, H.; Schnurer, H. (2007): Müllhandbuch. Sammlung und Transport, Behandlung 
und Ablagerung sowie Vermeidung und Verwertung von Abfällen. 2
nd
 ed. Berlin: Schmidt. 
Bilitewski, Bernd (2002): Workshop Endokrin Wirksame Substanzen in Abwasser und Klärschlamm, Neueste Ergeb-
nisse aus Wissenschaft und Technik. Dresden, 22./23. April 2002. 1
st
 ed. Pirna: Forum für Abfallwirtschaft und Altlasten. 
Available online at http://www.worldcat.org/oclc/76409495. 
Bilitewski, Bernd (2004): Endokrin aktive Stoffe im Klärschlamm. Sammelband ; [Abschlussbericht BMBF-
Verbundvorhaben Teilvorhaben II. 1
st
 ed. Pirna: Forum für Abfallwirtschaft und Altlasten. Available online at 
http://www.worldcat.org/oclc/76526644. 
Bilitewski, Bernd (2005): 3. Dresdner Tagung "Endokrin Aktive Stoffe in Abwasser und Klärschlamm". [Tagungsband, 
14./15. März 2005]. Pirna: Forum für Abfallwirtschaft und Altlasten c/o TU Dresden. Available online at 
http://www.worldcat.org/oclc/76774308. 
Bilitewski, Bernd; Härdtle, Georg; Marek, Klaus (1996): Waste management. With 126 tables. Berlin ;, Heidelberg ;, 
New York ;, Barcelona ;, Budapest ;, Hong Kong ;, London ;, Milan ;, Paris ;, Santa Clara ;, Singapore ;, Tokyo: Sprin-
ger. 
Bilitewski, Bernd; Härdtle, Georg; Marek, Klaus (2000): Abfallwirtschaft. Handbuch für Praxis und Lehre ; mit 130 
Tabellen. 3., neubearb. Berlin ;, Heidelberg ;, New York ;, Barcelona ;, Hongkong ;, London ;, Mailand ;, Paris ;, Singa-
pur ;, Tokio: Springer. 
Bisa, Boris (2011): Capacity Building in Waste Water Management in Provincial Centres in Vietnam. Bac Ninh, 
2/06/2011. 
Bundesministeriums der Justiz (15/04/1992): Klärschlammverordnung. AbfKlärV. Available online at 
http://www.gesetze-im-internet.de/bundesrecht/abfkl_rv_1992/gesamt.pdf. 
Bundesministeriums der Justiz (20/02/2001): Abfallablagerungsverordnung. AbfAblV. Available online at 
http://www.gesetze-im-internet.de/bundesrecht/abfablv/gesamt.pdf. 
Colin, F. (Ed.) (1991): Recent developments in sewage sludge processing. [proceedings of a workshop held in Lappee-
nranta, Finland, on 18 June 1990]. Europäische Gemeinschaften. London: Elsevier. 
Cornel, Peter (2005): Exportorientierte Forschung und Entwicklung auf dem Gebiet der Wasserver- und -entsorgung. 
Bochum: Ruhr-Univ., Lehrstuhl für Siedlungswasserwirtschaft und Umwelttechnik. Available online at 
http://www.worldcat.org/oclc/76774970. 
Council of the European Communities (6/12/1986): Council Directive on the protection of the environment, and in 
paticular of the soil, when sewage sludge is used in agriculture. 86/278/EEC. Available online at http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:31986L0278:EN:HTML. 
REFERENCES 
93 
Crites, R.; Tchobanoglous, G. (1998): Small and decentralized wastewater management systems. Boston: McGraw-
Hill. 
Destatis: Wasserwirtschaft. Öffentliche Abwasserentsorgung. Klärschlammentsorgung aus der biologischen Abwasser-
behandlung 2008. Wiesbaden. Dr. Thomas Grundmann, wasser@destatis.de. Available online at 
http://www.destatis.de/jetspeed/portal/cms/Sites/destatis/Internet/DE/Content/Statistiken/Umwelt/UmweltstatistischeErh
ebungen/Wasserwirtschaft/Tabellen/Content100/Klaerschlamm2008.psml, checked on 13/02/2011. 
Destatis (22/12/2009): 2008: Thermische Entsorgung des Klärschlamms hat zugenommen. Pressemitteilung Nr. 504. 
Wiesbaden. Dr. Thomas Grundmann, wasser@destatis.de. Available online at 
http://www.destatis.de/jetspeed/portal/cms/Sites/destatis/Internet/DE/Presse/pm/2009/12/PD09__504__32214.psml, 
checked on 13/02/2011. 
Diaz, Luis F.; Savage, George M.; Eggerth, Linda L.; Rosenberg, Larry (2005): Solid waste management. Paris: 
United Nations Environment Programme. Available online at http://www.worldcat.org/oclc/70079597. 
Dichtl, Norbert (2011): Sewage Sludge Treatment in Germany. German-Vietnamese Exchange Workshop, Hanoi. 
HUS. Hanoi, 18/03/2011. 
DIN 38 404-5 (1984), 1984: Bestimmung des pH-Wertes. 
DIN EN 1237:1995, 1995: Fertilizers; determination of bulk density (tapped). 
DIN EN 1236:1995, 1995: Fertilizers; determination of bulk density (loose). 
DIN-EN 12879:2000, 2001: Characterization of sludges - Determination of the loss on ignition of dry mass; German 
version. 
DIN 38414-2 (S 2), 1985: Bestimmung des Wassergehaltes und des Trockenrückstandes bzw. der Trockensubstanz. 
DIN-EN 1085, 2007: Wastewater treatment - Vocabulary; Trilingual version. 
DIN-EN 4045, August 2003: Abwassertechnik, Grundbegriffe. 
Dohmann, Max (2002): 35. Essener Tagung für Wasser- und Abfallwirtschaft. Aachen: Ges. zur Förderung der 
Sieldungswasserwirtschaft an der RWTH. Available online at http://www.worldcat.org/oclc/174765350. 
Dohmann, Max (Ed.) (2003): Rückgewinnung von Phosphor in der Landwirtschaft und aus Abwasser und Abfall. Ta-
gungsband zum Syposium, Berlin 2003. 
Drescher-Kaden, Ursula (1995): Organische Schadstoffe im Klärschlamm. Vorkommen, Bewertung, Vorschriften. 2
nd
 
ed. Landsberg/Lech: ecomed (Angewandter Umweltschutz). 
Environment, Saskatchewan (2004): Land Application of Municipal Sewage Sludge Guidelines EPB 296. Available 
online at http://www.saskh20.ca/DWBinder/EPB296LandApplication_of_MunicipalSewageSludge.pdf, checked on 
21/06/2011. 
Epstein, Eliot (2003): Land application of sewage sludge and biosolids. Boca Raton, Fla: Lewis Publishers. Available 
online at http://www.worldcat.org/oclc/50339476. 
ESCAP United Nation (2007): RECENT DEVELOPMENTS IN BIOGAS TECHNOLOGY FOR POVERTY REDUCTION 
AND SUSTAINABLE DEVELOPMENT. Beijing. Available online at http://www.unapcaem.org/publication/F-Biogas.PDF, 
checked on 21/06/2011. 
Feldhaus, Helen (2011): Klärschlammkonzept. BMBF Verbundprojekt AKIZ. TP 6. TU Braunschweig ISWW. 
FiW (2003): Thermische Behandlung von Klärschlamm. FiW-Symposium am 11. Februar 2003 in Düren. Aachen: Inst. 
Frances, A.: Tonnages annuels déchets Kieu Ky. Stastistics 2009 / 2010. 
Fricke, K.; Burth, M.; Wallmann R. (2001): BSE und die Auswirkungen auf die Entsorgungswirtschaft. 61. Informati-
onsgespräch des ANS. Genthin, den 22/23. 03.2001. 300
th
 ed. Weimar: Orbit e.V. 
Gödecke, D. (2004): Natürliche Verfahren der Schlammentwässerung. Konventionelle und neue Verfahren, 2004. 
Available online at www.schlammvererdung.de. 
REFERENCES 
94 
GSO (2011): PRESS RELEASE: SOCIO-ECONOMIC STATISTICS FOR 2010. Environmental protection. Edited by 
General Statistics Office Vietnam. Available online at http://www.gso.gov.vn/default_en.aspx?tabid=508&ItemID=10853, 
checked on 21/06/2011. 
GTZ (2010): Report on decentralized wastewater treatment workshop in Can Tho. With assistance of Frank Pogade.  
Hall, J. E.; Newman, P. J.; L'Hermite, P. (1992): Treatment and use of sewage sludge and liquid agricultural wastes. 
Review of COST 68/681 programme, 1972-90. Luxembourg: Commission of the European Communities, Directorate-
General Telecommunications, Information Industries and Innovation Scientific and Technical Communications Unit. 
Available online at http://www.worldcat.org/oclc/35496816. 
Haucke, Jörg (2010): Management of decentralised wastewater treatment systems. Conference on Decentralised 
Wastewater Treatment and Management in urban areas. BORDA. Ha Noi, 12/08/2010. 
HYDROCONSEIL/PEM Consult (2011): VIETNAM: Sanitation Management for Urban Areas, checked on 21/06/2011. 
Imhoff, K. R. (1983): Spezifische Schlammmengen und Lastenzahlen der Einwohner. 30(12): Korrespondenz Abwass-
er. 
INVENT (2009): Handbook. Innovative Education Modules and Tools for the Environmental Sector, particularly in Inte-
grated Waste Management. Part I. 
InWEnt (2009): Sustainable Urban Development. Challenges in the Wastewater and Waste Sector in Vietnam. 
Documentation: InWEnt/ Urban Solution. 
Kühn, Volker; Lützner, Klaus (2008): Schlammbehandlung. Vorlesungsskript Studiengang Wasserwirtschaft. ISIW 
Dresden. Dresden. 
Kopp, Julia: Theoretische Grundlagen zur Entwässerbarkeit von Schlämmen. Fachtagung der VSA-Kommission 
«ARA», checked on 22/06/2011. 
Kühn, Wolfgang (2003): Praxiserfahrungen bei der Trinkwassergewinnung in anderen Ländern. [Abschlussbericht zum 
BMBF-Vorhaben 02WT0207]. Karlsruhe: TZW. Available online at http://www.worldcat.org/oclc/76672803. 
Kühn, Wolfgang (2006): Exportorientierte F & E auf dem Gebiet der Wasserver- und -entsorgung. Karlsruhe: DVGW 
Technologiezentrum Wasser (TZW). 
Leary, David Kenneth; Pisupati, Balakrishna (2010): The future of international environmental law. New York: United 
Nations University. Available online at http://paperc.de/15174-the-future-of-international-environmental-law-
9789280871616. 
Lens, P. N. L.; Zeeman, Grietje; Lettinga, Gatze (2001): Decentralised sanitation and reuse. Concepts, systems and 
implementation. London: IWA. 
L'Hermite, Pierre (1991): Treatment and use of sewage sludge and liquid agricultural wastes. Proceedings of a sympo-
sium ; held within the framework of the Concerted Action "Treatment and use of organic sludge and liquid agricultural 
wastes" (COST 681). London u.a: Elsevier Applied Science. Available online at 
http://www.worldcat.org/oclc/256059397. 
Loll, Ulrich (1989): Recycling von Klärschlamm. Berlin: EF-Verlag für Energie-und Umwelttechnik GmbH. 
Lorbeer H.; Tran Thi Nguyet (2009): Sediment characterisation and Treatment possibilities after removal. Develop-
ment of strategies and processes for a sustainable sanitation, stabilisation and management of the Hoan Kiem Lake in 
Hanoi. TU Dresden, IAA. 
Ministerium für Umwelt und Natur in NRW (2004): Abfälle aus Kläranlagen in Nordrhein-Westfalen. Teil E. Organi-
sche Stoffe in Klärschlämmen aus der kommunalen Abwasserbehandlung. Teil E. Edited by Ministerium für Umwelt und 
Natur in NRW. 
Ministerium für Umwelt und Natur in NRW (2004): Abfälle aus Kläranlagen in Nordrhein-Westfalen. Teil D. Organi-
sche Stoffe in Klärschlämmen aus der kommunalen Abwasserbehandlung. Teil D. Edited by Ministerium für Umwelt und 
Natur in NRW. 
REFERENCES 
95 
Müller, J.; Böhmer, W.; Bauer, A. et al (2003): Untersuchung des Stoffverhaltens von polyzyklischen Moschusverbin-
dungen im Klärschlamm und Boden. Berlin (Band 1 und 2). 
Nathan, S.; and Clarke, B. (2004): „SolarMix‟ - Innovation in Drying Technology. Edited by 1. CabWater Caboolture 
Shire Council, 2. Arkwood Organic Recycling Pty Ltd, 3. Mixwell Specialized Transport Pty Ltd. IST Anlagenbau. Bris-
bane, Australien. 
National Assembly Vietnam (2006): Law on Environmental Protection. No. 52-2005-QH11. 
Nguyen Thi Phuong, Loan (2010): Legal Framework of the Water Sector in Vietnam. Bonn: Zentrum für Entwicklungs-
forschung Abteilung für Politischen und Kulturellen Wandel. Available online at http://d-nb.info/1000714403/34. 
Nguyen Thi Phuong, Loan (2010): Legal Framework of the Water Sector in Vietnam. Annex: List of selected Legal 
Documents. Bonn: Zentrum für Entwicklungsforschung Abteilung für Politischen und Kulturellen Wandel. Available 
online at http://d-nb.info/100071456X/34. 
Nguyen Thi Phuong, Loan (2010): Problems of Law Enforcement in Vietnam: The Case of Wastewater Management 
in Can Tho City. Bonn: Zentrum für Entwicklungsforschung Abteilung für Politischen und Kulturellen Wandel. Available 
online at http://d-nb.info/1000724158/34. 
Onyeche, Theodore Ifeanyichukwu (1999): Mechanical disruption and anaerobic digestion of conventionally stabilized 
sewage sludge. 1
st
 ed. Clausthal-Zellerfeld: Papierflieger. Available online at http://www.worldcat.org/oclc/247019416. 
Pinnekamp, Johannes (2001): Aktuelle Tendenzen bei der Klarschlammentsorgung. 76. Siedlungswasserwirtschaftl i-
ches Kolloquium, am 11.10.2001. Munchen: Kommissionsverlag Oldenbourg Industrieverlag. Available online at 
http://www.worldcat.org/oclc/49269901. 
Pogade, Frank; Minh, D.D; Scharfe, C.; Thanh, N.C; Khanh, T.Q (2010): TEMPLATE FOR A LOCAL REGULATION 
ON DRAINAGE,. SEWERAGE AND WASTEWATER TREATMENT IN VIETNAMESE CITIES, checked on 30/05/2011. 
Pogade, Frank (2011): Decentralized Approach to Waste Water Treatment in Vietnam‟s Urban Areas. Conference on 
Decentralised Wastewater Treatment and Management in Manila. GFA Consulting Group GmbH. Manila.  
Pogade, Frank (2010): Rationale for DWWM in Urban Areas and „‟Decentralized vs. Centralized – what is suitable?‟‟. 
Conference on Decentralized Waste Water Treatment and Management in Urban Areas. GFA. Ha Noi, 8/12/2010. 
Pogade, Frank; et al. (2007): Summary of Result on Household Connection & Septic Tanks Survey. CAN THO, BAC 
NINH, SOC TRANG, TRA VINH, checked on 21/06/2011. 
Pöpel, H. J. (1993): Klärschlammbehandlung und Klärschlammentsorgung. Stand und Entwicklungstendenzen. Dar-
mstadt. Available online at http://www.worldcat.org/oclc/311891866. 
Raschid-Sally, Doan Doan Tuan Sarath Abayawardana (2004): 7. National Assessments on Wastewater Use in 
Agriculture and an Emerging Typology: The Vietnam Case Study. International Water Management Institute (IWMI), 
Colombo, Sri Lanka; Center for Irrigation and Water Supply Research, Vietnam Institute for Water Resources. 
Sächsisches Landesamt für Umwelt und Geologie: Klärschlammkonzeption. Langfriststrategie zur Klärschlamment-
sorgung aus kommunalen Abwasserreinigungsanlagen im Freistaat Sachsen - Aktualisierung 2005 – 2015 –. Available 
online at http://www.umwelt.sachsen.de/lfug, checked on 14/04/2011. 
Schmidt, A. (2010): Treatment and re-cycling of sludge from urban decentralized sanitation facilities. IWA DEWATS 
Conference March 2010, March 2010. 
Tennhardt, Lars (2004): Potenzial technischer Abwasser- und Klärschlammbehandlungsverfahren zur Elimination 
endokrin aktiver Substanzen. 1
st
 ed. Pirna: Forum für Abfallwirtschaft und Altlasten. Available online at 
http://www.worldcat.org/oclc/76739597. 
Thai, Kim: Stablity in question. Macro-economic stability is the expectation for the next five years but there is some 
ambiguity in commitments and direction. In Vietnam Economic Times 2011 (February 2011), pp. 15–16. 
Thomé-Kozmiensky, Karl J. (1997): Recycling von Klärschlamm. Neuruppin: TK-Verl. 
Thomé-Kozmiensky, Karl J. (1998): Klärschlammentsorgung. Neuruppin: TK. 
Thomé-Kozmiensky, Karl J. (2001): Verantwortungsbewusste Klärschlammverwertung. Neuruppin: TK Verlag. 
REFERENCES 
96 
Tyagi, R. D. (2009): Sustainable sludge management. Production of value added products. Reston, Va: American 
Society of Civil Engineers. 
Ulrich, Andreas; Gutterer, Bernd; Reuter, Stefan (2009): Decentralised Wastewater Treatment Systems (DEWATS) 
and sanitation in developing countries. A practical guide. Loughborough: Water Engineering and Development Centre 
(WEDC), Loughborough University. Available online at http://www.worldcat.org/oclc/630514347. 
United Nations (2009): Investment policy review Viet Nam. New York: United Nations. Available online at 
http://www.worldcat.org/oclc/502924212. 
Vietnamese Government (2007): Solid waste management. Decree No. 59/2007. 
Vietnamese Government (2007): Urban and Industrial wastewater. Decree No. 88/2007. 
VNS (2011): Ha Noi running short of waste disposal sites. Hanoi. In Viet Nam News 2011, 4/04/2011, p. 3. Available 
online at http://vietnamnews.vnagency.com.vn/Social-Isssues/209990/Ha-Noi-running-short-of-waste-disposal-
sites.html, checked on 21/06/2011. 
VNS (2011): Complaints lead to water review. Householders claim the minimum monthly rate for water is too high. In 
Viet Nam News 2011, 11/02/2011, p. 5. 
VNS (2011): Ha Noi canal clean-up begins. $25 million project includes dredging, new ambankments and underground 
drainage. In Viet Nam News 2011, 9/03/2011. 
VNS (2011): Sludge dumped into sea Vung Tau. In Viet Nam News 2011, 15/04/2011. 
VNS (2011): Call to double 'green' founding. Hanoi. In Viet Nam News 2011, 11/06/2011. 
VNS (2011): Fertiliser, steel price rise. HCM CITY. In Viet Nam News 2011, 5/09/2011. 
Wendler, Daniel (2005): Erfassung und Behandlung ausgewählter Stoffströme in der Siedlungswasserwirtschaft. Han-
nover: ISAH. Available online at http://www.worldcat.org/oclc/253856957. 
Wheatley, Andrew D. (Ed.) (1991): Anaerobic digestion. A waste treatment technology. London: Elsevier Applied 
Science (Critical reports on applied chemistry, 31). 
Wittmaier, M.; Meyer, J. U.; Sawilla, B. (2006): Solare Klärschlammtrocknung auch in Norddeutschland mit Chancen. 
Mit der Kraft der Sonne. Edited by Ausgabe 06/2006 Entsorga Magazin. Institut für Kreislaufwirtschaft (6. Ausgabe). 
Yao, Gang (1997): Strategie zur städtischen Klärschlammentsorgung in der Volksrepublik China unter Berücksichtigung 
deutscher Erfahrungen. Aachen: Ges. zur Förderung der Siedlungswasserwirtschaft an der RWTH Aachen. Available 
online at http://www.worldcat.org/oclc/174275829. 
Zweifel, H.-R; Fischli, O.; Brauchli, H.; Herrmann, P. (2001): Solare Klärschlammtrocknung in der Praxis. Erfahrun-
gen auf der ARA Glarnerland. Edited by gwa 7/2001 (81. Jahrgang). Firma IST - Anlagenbau. 
APPENDICES 
97 
10 APPENDICES 
A) CALCULATION OF SLUDGE AMOUNT 
 
given: 
population 87 million
distribution 27 % urban 
73 % rural 
sludge produced 80 g/cap•d activated sludge treatment (europe) 200l/inh*d
water consumption 200 l/cap•d (Europe) 
water consuption 150 l/cap•d (Vietnam) 
urban VN 150 l/cap•d
rual VN 100 l/cap•d
sludge produced 60 g/cap•d activated sludge treatment (Vietnam) 150l/inh*d
sludge produced ? g/cap•d anaerobic sludge treatment 
total sewer connection VN ? %
sewer connection 60 % urban (vietnam)
40? % rural (Vietnam) 
large City 75 %
small City 45 %
septic tanks (rual) 40 % of the housedolds in  Vietnam 
septic tanks (urban) 77 % of the housedolds in  Vietnam 
household 4-8 persons 
number of households 21,75 million (4 person ) Vietnam 
10,875 million (8 person ) Vietnam 
household (septic tank) 16,7475 million (4 person ) Vietnam 
8,37375 million (8 person ) Vietnam 
Voume Septic Tanks 3 m³
Øρ sludge 1 g/cm³
Scenario I (X-% sewer connection)
 100% sewer connection (87.000.000 cap*60g/cap•d)/100.000 Mg/g 5220 MgTS/d VN or m³TS/d VN
5220 Mg/d· 365d/a 1905300 MgTS/a VN or m³TS/d VN
 80% sewer connection 1524240 MgTS/a VN or m³TS/d VN
 70% sewer connection 1333710 MgTS/a VN or m³TS/d VN
 60% sewer connection 1143180 MgTS/a VN or m³TS/d VN
 50% sewer connection 952650 MgTS/a VN or m³TS/d VN
 40% sewer connection 762120 MgTS/a VN or m³TS/d VN
Senario II (rual/urban) sewer multiplicator
0,27*87.000.000*60g/cap d*365 514431 0,6 308658,6 MgTS/a VN m³TS/d VN urban
0,73* 87000.000*40g/cap d*365 927246 0,4 370898,4 MgTS/a VN m³TS/d VN rural
Sum 679557 MgTS/a VN
Senario III (Same TS in less WW)
sludge amounted 100% (87.000.000 cap*80g/cap•d)/100.000 Mg/g 6960 MgTS/d VN or m³TS/d VN
6960 Mg/d· 365d/a 2540400 MgTS/a VN or m³TS/d VN
sludge amounted 80% 2032320 MgTS/a VN or m³TS/d VN
sludge amounted 70% 1778280 MgTS/a VN or m³TS/d VN
sludge amounted 60% 1524240 MgTS/a VN or m³TS/d VN
sludge amounted 50% 1270200 MgTS/a VN or m³TS/d VN
sludge amounted 40% 1016160 MgTS/a VN or m³TS/d VN
Senario IV (rual/urban; same TS less WW) 
0,27*87.000.000*80g/cap d*365 685908 0,6 411544,8 MgTS/a VN m³TS/d VN urban
0,73* 87000.000*80g/cap d*365 1854492 0,4 741796,8 MgTS/a VN m³TS/d VN rural
Sum 1153341,6 MgTS/a VN
0,8·1905300 Mg/a
0,4·1905300 Mg/a
0,7·1905300 Mg/a
0,6·1905300 Mg/a
0,5·1905300 Mg/a
0,8·1905300 Mg/a
0,7·1905300 Mg/a
0,6·1905300 Mg/a
0,5·1905300 Mg/a
0,4·1905300 Mg/a
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Sum 679557 MgTS/a VN
Senario III (Same TS in less WW)
sludge amounted 100% (87.000.000 cap*80g/cap•d)/100.000 Mg/g 6960 MgTS/d VN or m³TS/d VN
6960 Mg/d· 365d/a 2540400 MgTS/a VN or m³TS/d VN
sludge amounted 80% 2032320 MgTS/a VN or m³TS/d VN
sludge amounted 70% 1778280 MgTS/a VN or m³TS/d VN
sludge amounted 60% 1524240 MgTS/a VN or m³TS/d VN
sludge amounted 50% 1270200 MgTS/a VN or m³TS/d VN
sludge amounted 40% 1016160 MgTS/a VN or m³TS/d VN
Senario IV (rual/urban; same TS less WW) 
0,27*87.000.000*80g/cap d*365 685908 0,6 411544,8 MgTS/a VN m³TS/d VN urban
0,73* 87000.000*80g/cap d*365 1854492 0,4 741796,8 MgTS/a VN m³TS/d VN rural
Sum 1153341,6 MgTS/a VN
0,8·1905300 Mg/a
0,4·1905300 Mg/a
0,7·1905300 Mg/a
0,6·1905300 Mg/a
0,5·1905300 Mg/a
0,8·1905300 Mg/a
0,7·1905300 Mg/a
0,6·1905300 Mg/a
0,5·1905300 Mg/a
0,4·1905300 Mg/a
APPENDICES 
99 
 
 
B) GUIDELINE (DRAFT)  
 
  
Senario V (septic tank) 78%
4 Person 8 Person
desluging period 3 years 
16.747.500 ST * 3m³/ST*(1/3) 16747500 m³/a VN 8.373.750 ST * 3m³/ST*(1/3) 8373750 m³/a VN
Mg/a VN Mg/a VN
desluging  in 6 years period
16.747.500 ST * 3m³/ST*(1/6) 8373750 m³/a VN 8.373.750 ST * 3m³/ST*(1/6) 4186875 m³/a VN
Mg/a VN Mg/a VN
desluging  in 9 years period 
16747500 ST * 3m³/ST*(1/9) 5582500 m³/a VN 8.373.750 ST * 3m³/ST*(1/9) 2791250 m³/a VN
Mg/a VN Mg/a VN
Senario VI (Septic tank distribtion rual/urban )
4 Person 8 Person
desluging period 3 years 
(urban 0.27)
21.750.000 ST * 3m³/ST*(1/3)*0.78 4580550 m³/a VN 10.875.000 ST * 3m³/ST*(1/3)*0.78 2290275 m³/a VN
Mg/a VN Mg/a VN
(rural 0.73)
21.750.000 ST * 3m³/ST*(1/3)*0.40 6351000 m³/a VN 10.875.000 ST * 3m³/ST*(1/3)*0.4 3175500 m³/a VN
Mg/a VN Mg/a VN
Total 10931550 m³/a VN 5465775 m³/a VN
desluging  in 6 years period
(urban 0.27)
21.750.000 ST * 3m³/ST*(1/6)*0.78 2290275 m³/a VN 10.875.000 ST * 3m³/ST*(1/6)*0.78 1145138 m³/a VN
Mg/a VN Mg/a VN
(rural 0.73)
21.750.000 ST * 3m³/ST*(1/6)*0.40 3175500 m³/a VN 10.875.000 ST * 3m³/ST*(1/6)*0.4 1587750 m³/a VN
Mg/a VN Mg/a VN
Total 5465775 m³/a VN 2732888 m³/a VN
desluging  in 9 years period
(urban 0.27)
21.750.000 ST * 3m³/ST*(1/9)*0.78 1526850 m³/a VN 10.875.000 ST * 3m³/ST*(1/9)*0.78 763425 m³/a VN
Mg/a VN Mg/a VN
(rural 0.73)
21.750.000 ST * 3m³/ST*(1/9)*0.40 2117000 m³/a VN 10.875.000 ST * 3m³/ST*(1/9)*0.4 1058500 m³/a VN
Mg/a VN Mg/a VN
Total 3643850 m³/a VN 1821925 m³/a VN
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Guideline (draft) 
On the protection of the environment, and in particular the soil,  
when sewage sludge is utilized in selected areas in agriculture 
- This draft is supposed to serve as a basis for discussion between MoC and WWM Project – 
(not to be circulated or distributed)  
 Whereas the objective of this guideline is to regulate the utilization of sewage 
sludge in agriculture in such a pathway as to prevent harmful effects on soil, vegeta-
tion, animals and human, while encouraging its correct utilization; 
 Whereas individual arrangements should be made to guarantee that human, 
animals, plants and the environment are fully safeguarded against the harmful effects 
arising from the uncontrolled utilization of sludge; 
 Whereas sewage sludge can have valuable agronomic properties and it is 
therefore justified to encourage its application in agriculture provided it is utilized prop-
erly; whereas the utilization of sewage sludge must not impair the quality of the soil and 
of agricultural products; 
 Whereas some heavy metals may exhibit toxic effects to plants and also to hu-
man through their presence in crops and whereas it is necessary to lay down mandato-
ry limit values for these elements in the soil; 
 Whereas the utilization of sludge should be prohibited when the concentration 
of these metals in the soil exceeds these limit values; 
 Whereas, moreover, it is necessary to prevent these limit values from being 
exceeded as a result of the utilization of sewage sludge; whereas, to this end, it is ne-
cessary to limit the amount of heavy metals added to cultivated soil either by setting 
maximum quantities for the amounts of sewage sludge utilized per annum and ensur-
ing that the limit values for the concentration of heavy metals in the sewage sludge 
utilized are not exceeded or by seeking to ensure that limit values for the quantities of 
heavy metals that can be added to the soil on the basis of a 10-year average are not 
exceeded; 
 Whereas sludge must be treated before being utilized in agriculture, whereas it 
may nevertheless authorized on certain conditions, the utilization of untreated sludge, 
without risk to human or animal health, if it is injected or worked into the soil; 
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 Whereas a certain period must elapse between utilizing the sewage sludge and 
putting stock out to pasture or harvesting fodder crops or certain crops which are nor-
mally in direct contact with the soil and normally consumed raw; whereas the utilization 
of sludge on fruit and vegetable crops during the growing season, except for fruit-tree 
crops, must be prohibited; 
 Whereas sewage sludge should be utilized under condition which ensured that 
the soil and the surface and ground water are protected; 
 Whereas to this end it is necessary to monitor the quality of sewage sludge and 
of the soils on which they are utilized and hence to make analyses and to communicate 
certain results to the responsible ministry and authority (MoNRE); 
 Whereas a certain amount of essential information should be kept to ensure 
better awareness of the utilization of sewage sludge in agriculture and whereas such 
information should be forwarded in the form of periodic reports to the responsible min-
istry and authority (MoNRE); 
 Whereas sludge from small sewage-treatment plants which treat primarily do-
mestic wastewater represents little risk to human, animal and plant health and to the 
environment and should therefore be exempt from some of the obligations laid down 
relating to information and analysis; 
 Whereas the Socialistic Republic of Vietnam should be able to draw up more 
stringent provisions than those laid down in this guideline; 
 Whereas technical and scientific progress may make necessary the rapid adap-
tation of certain requirements. 
Article 1 - Objective 
The objective of this guideline is to regulate the utilization of sewage sludge in agricul-
ture in such a pathway as to prevent harmful effects on soil, vegetation, animals and 
human; thereby encouraging its correct utilization. 
Article 2 - Scope 
This guideline should be paid to,  
(a)operators of wastewater treatment plants (including sewer systems) accumulating 
sewage sludge, which is treated and stored, operator who discharge or intend or are 
obligated to discharge sewage sludge. 
(b) direct utilizers of sewage sludge dealing and handling with the sewage sludge, uti-
lizer who discharge or intend or are obligated to discharge sewage sludge. 
Article 3 - Definitions 
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For the purposes of this guideline: 
(a)'sludge' means: 
(i)residual sludge from sewage plants treating domestic or urban waste waters and 
from other sewage plants treating waste waters of a composition similar to domestic 
and urban waste waters; 
(ii)residual sludge from septic tanks and other similar installations for the treatment of 
sewage; 
(iii)residual sludge from sewage plants other than those referred to in (i) and (ii); 
(iv)sludge from sewer systems  
(v)dredged sludge of wastewater channels in urban areas  
(b)'treated sludge' means: 
sludge which has undergone biological, chemical or heat treatment, long-term storage 
or any other appropriate process so as significantly to reduce its fermentability and the 
health hazards resulting from its use; 
(c)'agriculture' means: 
the growing of all types of commercial food crops, including for stock-rearing purposes; 
(d)'utilize' means: 
the spreading of sludge on the soil or any other application of sludge on and in the soil. 
Article - 4 Application 
The sludge referred to in Article 3 (a) (i) to Article 3 (a) (v) may only be utilized in agri-
culture in accordance with this guideline. 
Article 5 - Condition for the utilization 
(1)The utilization of sewage sludge must not impair the general good. The sewage 
sludge should be utilized in selected areas in agriculture in such a pathway as to pre-
vent harmful effects on soil, vegetation, animals and human. 
(2)The sludge which is supposed to be utilized in selected areas in agriculture, must be 
first analyzed according to Annexes II B and II C before utilized. 
(3)Soil analyses have to be repeated in 10 year periods. In adjustment with the respon-
sible authority (MoNRE), it has to regulate the periods in which the principle utilizer of 
sewage sludge have to analyze and report their results. The responsible authority is 
able to draw up more stringent provisions and can prohibit the utilization.  
(4)Sewage sludge can be utilized on soils, which have been observed and analyzed on 
pH value, content of nutrients suitable for plants as phosphorous, potassium and mag-
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nesium. Operators of wastewater treatment plants have to cover the cost for this analy-
sis.  
(5)Sewage sludge, which has been observed and analyzed on  
-concentration of lead, cadmium, chrome, copper, nickel, mercury ; 
-absorbable halogen hydrocarbons (AOX); 
-concentration of total nitrogen, ammonium, phosphorous, potassium, total solid con-
tent, organic solid content, and pH value; 
by certificated laboratories, can be utilized in agriculture  
(6) Operator of wastewater treatment plants have to sample and analyze as formulated 
at clause 2, 3 and 5 in accordance to Annexes II A, II B and II C. 
(7)The sludge from small sewage-treatment plants in agricultural companies can be 
utilized on company-owned areas and are exempted of clause 2 to 6. Sewage sludge 
must first ensure to be analyzed according to clause 5. 
(8)Sludge from small sewage-treatment plants with the capacity below 300 kg BOD5 
per day, corresponding to 5.000 population equivalents, which are designed primarily 
for the treatment of domestic wastewater are exempted of clause 2 to 6. The sludge 
which is supposed to be utilized in selected areas in agriculture and must first ensure 
be analyzed according to Annexes II B and II C. 
Article 6 - Utilization limits and rules  
(1)The utilization of raw sludge or sludge from other wastewater treatment plants as 
referred to in Article 3 (a) (i) to 3 (a) (v) are prohibited.  
(2)Values for concentrations of heavy metals in soil to which sludge is applied as well 
as concentrations of heavy metals in sludge and the maximum annual quantities of 
such heavy metals which may be introduced into soil intended for agriculture are given 
in Annexes I A, I B and I C.  
(3)The authorities (MoNRE) shall prohibit the utilization of sludge in Article 3 (a) and (b) 
or the supply of sludge for utilization on: 
(a)grassland or forage crops if the grassland is to be grazed or the forage crops to be 
harvested before a certain period has elapsed. This period, which shall be set by the 
responsibilities (MoNRE) taking particularly into account the geographical and climatic 
situation, shall under no circumstances be less than three weeks; 
(b)soil in which fruit (including rice crops) and vegetable crops are growing, with the 
exception of fruit trees; 
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(c)ground intended for the cultivation of fruit (including rice crops) and vegetable crops 
which are normally in direct contact with the soil and normally eaten raw, for a period of 
10 months preceding the harvest of the crops and during the harvest itself. 
(4) The following rules shall be observed when utilizing sludge: 
-the sludge shall be utilized in such a pathway that account is taken of the nutrient 
needs of the plants and that the quality of the soil and of the surface and ground water 
is not impaired, 
-where sludge is utilized on soils of which the pH is below 6, it shall take into account 
the increased mobility and availability to the crop of heavy metals and shall, if neces-
sary, reduce the limit values they have laid down in accordance with Annex I A. 
Article 7 - Exceptional cases  
Where conditions so demand, responsibilities may give exceptional cases for detailed 
bounded areas to utilize sewage sludge from Article 3 (a) and (b).  
Article 8 - Amount of sludge utilized  
The responsibility (MoNRE) shall restrict the amount of sludge according to Article 3 (a) 
and (b) which shall be utilized on selected areas in agriculture(in tons per year and 
hectare). 
Article 9 - Obligation to produce records  
Utilizers outlined in Article 2 (a) and (b) shall ensure that up-to-date records are kept, 
which register: 
(a)the quantities of sludge produced and the quantities supplied for use in agriculture; 
(b)the composition and properties of the sludge in relation to the parameters referred to 
in Annex II A; 
(c)the type of treatment carried out, as defined in Article 3 (b); 
(d)the names and addresses of the recipients of the sludge and the place where the 
sludge is to be utilized. 
(2)The records shall be available to the competent authorities and shall provide a basis 
for the consolidated report. 
(3)Information on the methods of treatment and the results of the analyses shall be 
published upon request to the competent authorities. 
Article 10 - Application plan 
The responsible agricultural departments has to develop and formulate the per annum 
application plan and the process of utilization related to the calendar year. 
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Article 11 - Research  
Adaption to technical and scientific progresses is required. Relevant ministries shall 
jointly develop research plans and carry out detailed researches on the utilization of 
sewage sludge in selected areas in agriculture in Vietnam. 
Article 12 - Adjustment of this guideline  
Where conditions so demand, authorities may take more stringent measures than 
those provided in this guideline. 
This guideline has to be peer-reviewed by experts, professionals and specialists from 
the various departments.  
Limits for heavy metals in soil and sludge are given in approximate ranges and have to 
be regulated by responsibilities as the condition demand. 
Penalties for violation of this act have to be worked out and formulated in the frame-
work of this guideline. 
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